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REPORT  OF  THE  BOTANIST. 
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Sir:  The  subjects  which  have  largely  occupied  the  attention  of  this 
division  during  the  past  year  are — 

First.  An  investigation  of  the  grasses  of  the  arid  districts  of  the 
West  and  Southwest,  concerning  which  a  bulletin  has  been  published. 
Two  agents  were  employed  in  the  examination  in  western  Texas, 
New  Mexico,  Arizona,  and  parts  of  Nevada  and  Utah.  Some  two 
hundred  species  of  grasses  were  observed  growing  in  different  situa¬ 
tions  and  soils,  and  about  thirty  of  these  have  been  selected  as  de¬ 
serving  of  attention  and  experiment  for  purposes  of  cultivation. 
Figures  and  descriptions  of  these  are  given  in  the  bulletin  in  order 
to  facilitate  an  acquaintance  with  them  by  persons  interested,  and  it 
is  hoped  that  a  careful  trial  will  be  made  of  such  by  the  farmers  and 
graziers  of  the  district. 

Second.  Several  new  or  interesting  and  promising  forage  plants 
have  been  brought  to  the  attention  of  the  Department  as  presenting 
promising  features  for  cultivation  in  special  localities.  Among  these 
are  some  species  of  clover,  and  a  European  forage  plant  known  as 
Sainfoin  or  Asperset  (botanically,  Onobrychis  sativo),  which  has  at¬ 
tracted,  recently,  considerable  attention  in  California  and  Nevada 
as  giving  promise  of  great  value  for  cultivation  on  dry  hills  and 
mountain  slopes. 

A  paper  on  Teosinte  as  a  forage  grass  is  also  presented.  On  ac¬ 
count  of  the  large  quantity  of  foliage  which  this  grass  affords,  it  has 
great  value  for  soiling  and  storing  in  silos  wherever  the  climate  will 
allow  of  its  full  development. 

Third.  We  have  continued  an  account  of  common  weeds  which 
interfere  with  agriculture,  and  have  given  such  information  respect¬ 
ing  their  destruction  and  eradication  as  we  have  been  able  to  obtain. 
In  addition,  some  account  is  given  of  the  cultivation  of  Peppermint 
for  the  purpose  of  procuring  the  oil  for  medicinal  and  pharmaceuti¬ 
cal  purposes. 

A  paper  on  cross-fertilization  and  another  on  pollination  are  also 
presented,  which  will  provoke  research  and  investigation. 

Respectfully, 

Geo.  Yasey, 

Hon.  N.  J.  Colman.  Botanist. 


FORAGE  PLANTS. 

Teosinte  ( Euchlcena  luxurians). 

This  new  forage  plant,  a  native  of  Central  America,  bids  fair  to 
fill  a  permanent  place  for  the  South.  Seed  was  first  introduced  into 
this  country  by  the  Department  many  years  ago,  but  not  until  1886 
is  there  any  record  of  its  having  ripened  seed  in  the  United  States. 
In  that  year  a  small  quantity  was  ripened  in  southern  Florida  and 
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in  southern  Mississippi,  near  the  Gulf.  In  the  fall  of  1887  circulars 
were  sent  to  a  number  of  parties  to  whom  seed  had  been  distributed 
the  preceding  spring,  asking  whether  any  of  the  plants  had  ripened 
seed;  also  that  samples  of  the  growth  be  sent  to  the  Department. 
Samples  bearing  ripe  seed  were  received  from  several  parties  in 
southern  Florida,  but  from  no  other  locality.  On  one  of  the  stalks, 
having  13  fertile  joints,  812*  seeds  were  counted.  In  some  cases  ripe 
seed  was  produced  on  plants.  Die  seed  of  which  was  planted  the  pre¬ 
ceding  spring,  but  usually  it  was  produced  on  those  the  roots  of 
which  had  lived  through  the  previous  winter,  Teosinte  having  been 
cultivated  for  a  number  of  years  in  that  section.  A  quantity  of  the 
crop  of  seed  which  ripened  in  southern  Florida  the  past  season  has 
been  purchased  by  the  Department  to  be  distributed  in  the  spring 
of  1888. 

Teosinte  makes  a  rapid,  succulent,  and  abundant  growth,  which, 
in  the  warmer  parts  of  the  country,  may  be  cut  two  or  more  times 
during  the  season.  In  Florida  the  first  crop  from  roots  which  have 
lived  over  winter  is  sometimes  cut  for  fodder,  and  the  second  crop 
left  to  ripen  seed.  This  plant  requires  good  soil,  and  that  which  is 
moist  but  not  necessarily  wet.  It  can  not'  be  considered  of  any  value 
for  the  dry  regions  of  the  West,  except  where  irrigation  is  practiced. 
It  seems  to  suffer  from  the  effects  of  drought  rather  more  than  Indian 
corn.  On  good  soil  which  is  not  too  dry  it  will  probably  prove  to  be 
of  value  much  farther  north  than  where  it  attains  its  complete  devel¬ 
opment.  On  good  garden  soil  on  the  Department  grounds  plants 
from  seed  sown  on  the  4th  of  last  June  attained  a  height  of  6  feet  by 
the  29tli  of  July. 

A  sample  of  Teosinte  grown  in  1885  by  John  S.  Erwin,  of  Kirk- 
ville,  Mo. ,  was  analyzed  by  Mr.  Edgar  Richards,  of  the  Chemical 
Division  of  this  Department,  and  found  to  contain  a  lower  percent¬ 
age  of  crude  fiber  and  a  higher  percentage  of  albuminoids  than  either 
clover  or  timothy  hay.  Mr.  Clifford  Richardson,  the  acting  Chemist, 
expressed  the  opinion,  however,  that  the  sample  was  exceptionally 
rich.  (Plate  I.) 


White  sage  ( Eurotia  Icinatd). 


This  plant,  known  as  “  White  Sage  ”  or  “  Winter  Fat,”  is  abundant 
in  places  through  the  Rocky  Mountain  region  from  Mexico  to  British 
America.  Prof.  S.  M.  Tracy,  who  visited  portions  of  Nevada,  Arizona, 
and  adjoining  territory  in  1887,  investigating  the  native  forage  plants 
under  the  direction  of  the  Commissioner  of  Agriculture,  states  that 
in  more  arid  districts  of  Arizona,  Nevada,  and  Utah  this  plant,  with 
Grease  wood  (Sareohatus  vermiculatns),  are  the  most  highly  valued 
plants  for  winter  forage.  An  important  fact  in  regard  to  the  plant 
is  its  ability  to  thrive  in  somewhat  alkaline  soils.  It  is  employed  as 
a  remedy  for  intermittent  fevers. 


It  is  a  perennial,  half  shrubby  plant  growing  a  foot  or  two  high, 
w  it Ji  slender  wooly  twigs,  which  are  abundantly  covered  with  linear 
sessile  J eaves  an  inch  to  an  inch  and  a  half  long,  with  a  velvety  sur¬ 
face  of  a  grayish  color  and  with  the  margin  rolled  back.  They  are 
mostly  in  small  fascicles  or  clusters.  The  flowers  are  minute  and  in 
small  clusters  m  the  axils  of  the  leaves,  chiefly  on  the  upper  part  of 
tn e  stem.  ^  ±  la*  ilov  ers  are  of  two  kinds,  male  and  female,  on  separate 
parts  oi  the  stems,  or  sometimes  oh  separate  plants.  The  small  fruit 
is  covered  with  long  and  close  whitish  hairs. 
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The  plant  belongs  to  the  order  Che nppod iaceaz,  or  the  same  order 
as  the  common  Pigweed.  (Plate  II.) 

Nopal  or  Cactus  (Opuntia  Engelmanni). 

One  of  the  principal  characteristics  of  the  vegetation  of  arid  dis¬ 
tricts  is  the  prevalence  of  different  species  of  Cactacece,  or  cactus- 
like  plants.  These  are  exceedingly  variable  in  form  and  size,  and 
are  divided  into  several  genera.  Of  these  the  Opuntias  are  extremely 
common.  There  are  two  kinds  of  these;  one  with  broad,  flat  joints, 
and  one  with  cylindrical  or  clnb-shaped  joints. 

Of  the  flat,  broad- jointed  kind  there  are  many  species.  The  Opuntia 
vulgaris  is  common  in  sandy  ground  in  the  Eastern  Atlantic  States. 
In  western  Texas  and  other  parts  of  the  arid  regions  reaching  to  Cal¬ 
ifornia  is  a  much  larger  kind,  of  the  same  general  appearance,  which 
is  called  Opuntia  Engelmanni.  This  is  astout,  coarse-looking  plant, 
growing  from  i  to  6  feet  high,  and  much  branched.  The  joints  are, 
in  large  specimens,  a  foot  long  and  9  or  10  inches  broad,  with  groups 
of  stout  spines  from  one-half  to  1+  inches  long.  They  are  apparently 
leafless,  but  in  young  specimens  minute  fleshy  leaves  may  be  detected. 
Springing  from  the  side  of  these  joints  at  the  proper  season  are  hand¬ 
some  flowers  2  or  3  inches  in  diameter,  which  are  succeeded  by 
a  roundish  fruit,  nearly  2  inches  long,  filled  with  a  purplish  pulp, 
generally  of  an  insipid  taste,  while  imbedded  in  the  pulp  are  num¬ 
bers  of  hard,  small  seeds.  The  common  name  of  this  Opuntia  among 
the  Mexicans  is  Nopal,  and  some  of  the  species  have  fruit  which  is 
edible  and  highly  esteemed.  The  use  of  the  above  species  of  Prickly 
Pear  or  Cactus  for  forage  in  the  dry  regions  of  Texas  and  westward 
is  a  matter  of  considerable  importance.  An  extended  account  of  its 
use  is  given  in  Bulletin  3  of  this  division.  The  usual  method  of 
preparing  the  plant  for  feeding  is  to  singe  the  prickles  over  a  brisk 
blaze.  To  some  extent,  especially  by  sheep,  the  plant  is  eaten  in  the 
natural  state,  but  serious  consequences  frequently  result  in  such  cases. 
Its  chief  use  is  as  a  substitute  for  other  fodder  in  times  of  scarcity, 
but  when  properly  prepared  and  fed  with  hay  and  grain  it  forms  a 
valuable  article  of  food  for  cattle,  (Plate  III. ) 


Sainfoin  ( Onobrychis  sativa ,  Lam.). 

This  leguminous  forage  plant  has  recently  been  introduced  into  this 
country  under  the  name  of  “Asperse!.” 

Esparsette  is  the  German  name;  Sainfoin  is  the  name  used  in  France 
and  England.  It  is  a  perennial,  having  somewhat  the  appearance 
of  Lucerne,  but  of  smaller  size  and  different  habit.  It  seldom  ex¬ 
ceeds  1-J  feet  in  height,  with  a  weak  stem,  rather  long,  pinnate  leaves, 
and  flowers  of  a  pink  color  in  a  loose  spike,  2  to  4  inches  in  length, 
raised  on  a  long,  naked  peduncle  or  stalk.  The  flowers  are  succeeded 
by  short,  single-seeded  pods,  which  are  strongly  reticulated  or  marked 
by  raised  lines  and  depressed  pits.  It  is  a  native  of  central  and  south¬ 
ern  Europe,  and  western  Asia,  and  in  Europe  has  long  been  in  culti¬ 
vation.  From  experiments  made  by  the  Puke  of  Bedford  in  Eng¬ 
land  Ave  learn  that  it  Avas  first  introduced  to  English  farmers  as  a 
plant  for  cultivation  from  Flanders  and  France,  AAdiere  it  has  been  long 
cultivated.  It  A\Tas  found  to  be  less  productive  than  the  broad-leaAred 
clovers,  but  on  chalky  and  gravelly. soils  there  was  abundant  proof 
of  the  superiority  of  Sainfoin.  It  produces  but  little  herbage  the  first 
year,  but  improves  in  quantity  for  several  years. 
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Mr.  Martin  J.  Sutton,  in  a  recent  work  on  “Permanent  and  tem¬ 
porary  pastures,”  says  that  it  has  been  cultivated  in  England  for  over 
two  hundred  years.  He  says  that  it  is  essentially  a  food  for  sheep,  and 
in  pasturing  the  sheep  do  it  no  injury.  It  is  also  useful  for  horses, 
but  produces  nothing  like  the  quantity  of  green  fodder  that  can  be 
obtained  from  the  Lucerne  patch.  When  sown  alone  Mr.  Sutton  says 
that  Sainfoin  is  liable  to  decrease  and  become  overrun  with  weeds. 
He  recommends  its  use  as  a  predominant  constituent  in  a  mixture  of 
grasses  and  clovers.  He  says  that  combined  with  strong  growing 
grasses  there  is  less  risk  and  the  grasses  keep  down  the  weeds  which 
otherwise  are  apt  to  overrun  the  Sainfoin.  In  a  green  state  it  is  quite 
free  from  the  danger  of  blowing  cattle  (Hoven),  and  when  made  into 
hay  is  an  admirable  and  nutritious  food.  But  it  requires  great  care 
in  drying  when  made  into  hay. 

Mr.  Sinclair  states  that  the  produce  of  Sainfoin  on  a  clayey  loam 
with  a  sandy  subsoil  is  greater  than  on  a  sandy  or  gravelly  soil  rest¬ 
ing  upon  clay. 

A  French  writer  says  that  Sainfoin  can  not  accommodate  itself  to 
damp  soil,  and  even  dreads  soil  which,  although  dry,  rests  upon  a  wet 
subsoil.  It  delights  in  dry  soil,  somewhat  gravelly  and,  above  all,  cal¬ 
careous.  It  flourishes  upon  the  declivities  of  hills  where  water  can 
not  remain,  and  in  light  soil  where  its  powerful  root  can  readily  pene¬ 
trate.  But,  although  surviving  in  the  poorest  calcareous  soil,  like 
clover  and  Lucerne,  its  productiveness  is  always  relative  to  the  per¬ 
meability  and  fertility  of  the  land.  It  prefers  open,  sunny  places, 
with  a  southern  or  eastern  exposure. 

Sainfoin  has  received  several  trials  in  this  country,  but  without 
much  success,  probably  from  the  experiments  having  been  made 
upon  unsuitable  soil.  We  can  not  expect  that  it  will  be  preferred  in 
places  where  clover  succeeds,  but  in  light  soils  and  in  regions  with  a 
light  rain-fall  it  should  receive  a  thorough  trial. 

A  recent  bulletin  of  the  Iowa  Agricultural  College  gives  the  result 
of  some  experiments  with  this  plant,  which  are  very  satisfactory. 
Observations  there  made  indicate  that  it  stands  early  freezing  quite 
as  well  as  Kentucky  blue-grass.  It  produces  at  the  rate  of  3  tons  of 
dry  hay  per  acre.  It  deserves  trial  in  Kansas,  N ebraska,  and  Colorado. 
(Plate  IV.) 

Alsike  clover  (Trifolium  hybridum,  L.). 

This  differs  from  common  red  clover  in  being  later,  taller,  more 
slender  and  succulent.  The  flower  heads  are  upon  long  pedicels, 
and  are  intermediate  in  size  and  color  between  those  of  white  and 
red  clover.  Its  botanical  name  was  so  given  from  its  being  sup¬ 
posed  by  Linnaeus  to  be  a  hybrid  between  those  clovers,  but  it  is  now 
known  to  be  a  distinct  species.  It  is  found  native  over  a  large  part 
of  Europe,  and  was  first  cultivated  in  Sweden,  deriving  its  common 
name  from  the  village  of  Syke  in  that  country.  In  1834  it  was  taken 
to  England,  and  in  1854  to  Germany,  where  it  is  largely  grown,  not 
only  for  its  excellent  forage  but  also  for  its  seed,  which  commands  a 
high  price. _  In  France  it  is  little  grown  as  yet,  and  is  frequently  con¬ 
founded  with  the  less  productive  Trifolium  elegans. 

The  following  is  condensed  from  “Les  Prairies  Artificielles  ”  by 
Ed.  Vianne,  of  Paris: 

Alsike  does  not  attain  its  full  development  under  two  or  three  years,  and  should 
therefore  be  mixed  with  some  other  plant  for  permanent  meadows.  It  is  best 
adapted  to  cool,  damp,  calcareous  soil,  and  gives  good  results  upon  reclaimed  marshes. 
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It  is  adapted  neither  to  very  dry  soils  nor  to  those  where  there  is  stagnant  water, 
'joeing  of  slender  growth,  rye-grass,  rye,  or  oats  are  often  sown  with  it,  when  it  is 
to  be  mowed.  In  fertile  ground  weeds  are  apt  to  diminish  the  yield  after  a  few 
years,  so  that  it  requires  to  be  broken  up.  It  is  generally  sown  in  May,  at  the  rate 
of  G  to  7  pounds  of  the  clean  seed  per  acre.  Sometimes  it  is  sown  in  the  pods 
at  the  rate  of  50  to  100  pounds  per  acre  either  in  spring  or  in  autumn  after  the 
cereals  are  harvested. 

Alsike  sprouts  but  little  after  cutting,  and  therefore  produces  but  one  crop  and 
one  pasturage.  The  yield  of  seed  is  usually  180  to  170  pounds  per  acre.  The  seed 
separates  more  easily  from  tine  pods  than  that  of  ordinary  clover,  and  as  the  heads 
easily  break  off  when  dry,  care  is  required  in  harvesting. 

It  does  not  endure  drought  as  well  as  the  common  red  clover,  but  will  grow  on 
more  damp  and  heavy  soils,  and  it  is  said  that  it  can  be  grown  on  land  which, 
through  long  cultivation  of  the  common  clover,  has  become  “  clover  sick.” 

(Plate  Y.) 

French  clover  ( Trifolium  incarnatum). 

This  animal  clover  is  a  native  of  Europe.  It  grows  to  the  height 
of  about  2  feet.  The  heads  are  about  2  inches  long,  very  densely 
flowered,  with  the  petals  varying  from  a  pinkish  to  a  crimson  color. 

It  has  been  introduced  and  tried  to  some  extent  for  cultivation  in 
this  country,  but  has  not  met  with  much  favor.  It  deserves  trial, 
however,  in  the  dry  climate  of  the  West.  (Plate  XI Y.) 

Mammoth  clover  ( Trifolium  medium). 

The  true  botanical  position  of  the  clovers  cultivated  in  this  coun¬ 
try  under  the  names  Mammoth,  Sapling,  or  Pea- vine  clover,  etc. ,  is 
still  somewhat  in  doubt.  They  are  usually  regarded  as  being  the 
above-mentioned  species,  but  are,  perhaps,  a  variety  or  varieties  of 
the  common  red  clover,  Trifoliumpratense.  They  agree  in  having  a 
larger  and  later  growth  than  the  ordinary  red  clover,  and  on  this  ac¬ 
count  are  for  some  purposes  more  valuable. 

The  following  records  of  experience  may  he  relied  upon  for  the 
localities  mentioned: 

Prof.  Samuel  Johnson,  Agricultural  College,  Michigan: 

It  grows  too  rank  and  coarse  to  make  good  hay.  For  pasture  or  for  manurial 
purposes  it  might  prove  better  than  the  smaller  sort.  When  grown  for  seed  it  is 
usually  pastured  until  the  1st  of  June,  and  then  allowed  to  grow  up  and  mature 
the  crop. 

M.  C.  Alger,  Augusta,  Mich. : 

Pasturing  until  the  1st  of  June  insures  a  larger  yield  of  seed,  as  it  is  cooler  while 
filling;  but  many  do  not  pasture.  I  do  not  think  it  can  be  cut  more  years  than  the 
smaller  kind.  It  is  said  to  stand  drought  better,  but  I  doubt  that.  It  will  give  three 
times  the  amount  of  pasture  during  the  season  that  is  given  of  the  smaller  kind  if 
kept  down  pretty  close,  but  during  the  fall  the  amount  of  pasture  produced  is  less. 
It  is  said  to  smother  out  in  winter  if  a  large  amount  is  left  on  the  ground.  Another 
'objection  is  that  it  requires  cutting  just  at  harvest  time. 

C.  M.  Alger,  Xewaygo,  Mich. : 

I  have  raised  the  Mammoth  Clover,  hut  do  not  like  it  for  my  heavy  land,  as  it 
grows  too  large.  .  For  every  acre  that  I  raise  I  have  to  buy  or  borrow  two  more  of 
my  neighbor’s  to  cure  it  on.  It  is,  however,  excellent  for  pasture,  as  it  stays  on  the 
ground  longer  than  the  medium  variety.  It  is  good  for  raising  seed,  as  it  nearly 
always  fills  full.  I  have  seen  8  bushels  per  acre.  The  seed  is  always  grown  on  the 
first  crop,  as  the  second  never  blossoms.  It  grows  here  from  4  to  5  feet  high  and 
is  good  for  plowing  under  for  manure. 
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Austin  Pots,  Galesburgh,  Mich. 


Perhaps  hot  over  20  per  cent,  of  the  clover  grown  here  is  of  the  mammoth  variety. 
It  does  hot  seed  as  well  as  the  common  clover. 

L.  H.  Bursiey,  Jenisonville,  Midi.: 

I  do  not  find  it  as  good  for  hay  as  the  common  red  clover;  the  stalk  is  so  large 
that  stock  will  not  eat  them  at  all.  For  pasture  it  is  better  than  die  small  variety. 
It  does  not  require  pasturing  in  spring  in  order  to  produce  a  crop  ot  seed. 

James  Hendricks,  Albany,  N .  Y.  r 

About  twenty  years  ago  there  was  treble  the  quantity  sown  in  this  pm  f  Oi  Alban  \ 
County  that  there  is  at  present;  now  nearly  all  our  farmers  sow  the  medium  cJovei 

with  timothy. 

Prof,  F.  A.  Gully,  Agricultural  College,  Miss. : 


On  good  land  with  ns  it  grows  rank,  and  the  long  stems  fall  down  and  mat  on  the 
ground,  and  if  we  happen  to  have  wet  weather  the  lower  leaves  and  parts  of  the 
stalk  will  begin  to  decay  before  the  plant  is  in  full  bloom.  Ihe  second  crop  ripens 
seed,  but  to  what  extent  I  can  not  say.  i  consider  the  common  red  clover  more 
desirable  here,  although  it  may  not  yield  as  well. 


WEEDS  OF  AGRICULTURE; 

The  following  account  of  the  more  troublesome  weeds  is  continued 
from  the  report  of  last  year: 

PuFslanE  ( Portulaca  oleracea). 

A  low  prostrate  annual,  common  in  cultivated  grounds,  with  thick, 
fleshy,  obovate  leaves,  about  an  inch  in  length,  and  very  smooth. 
The  flowers  are  minute  and  sessile  at  the  ends  of  the  branches  and 
in  the  axils  of  the  leaves,  opening  only  in  the  morning  sun;  the  five 
or  six  petals  are  pale  yellow,  the  stamens  number  seven  to  ten  and 
twelve,  and  the  capsule  or  seed  vessel  is  oval,  and  opens  by  the  rupt¬ 
ure  of  a  transverse  seam  near  the  middle.  This  introduced  weed  is 
everywhere  known  in  this  country  by  the  name  of  Purslane  or  “Pus- 
ley.’* 

In  the  cooler  climate  of  England  it  is  not  considered  a  fceed,  and 
is  used  to  some  extent  as  a  pot-herb.  It  does  not  start  into  growth 
until  the  season  is  well  advanced,  in  the  Northern  States  about  July. 
It  is  most  troublesome  in  garden  crops,  such  as  onions,  and  does 
comparatively  little  harm  in  such  crops  as  corn  and  potatoes,  which 
shade  the  grotiiid  and  permit  horse  cultivation.  It  is  most  prevalent 
on  sandy  soils.  Its  tToiibleSomeness  results  mainly  from  its  pro¬ 
lificacy  and  rapid  maturity,  and  from  the  fact  that  it  will  retain  its 
vitality  and  mature  its  seed  after  being  detached  from  the  soil.  If 
the  land  is  repeatedly  cultivated  before  the  plant  exceeds  an  inch  in 
height  it  is  easily  kept  down,  but  if  allowed  to  become  large  it  is  al¬ 
most  certain  to  ripen  its  seed.  After  garden  soil  has  become  stocked 
with  the  seed  it  will  often  be  found  best  to  cultivate  the  land  in  some 
field  crop  for' two  or  three  years,  lifltil  it  is  freed  from  the  vveed,  and 
grow  the  garden  crops  upon  land  which  has  not  vet  become  ihfested. 

Tiie  amount  of  seed  produced  may  be  judged  from  the  fact  that 
1,250,000  seeds  have  been  counted  on  a  single  plant.  The  greatest 
injury  from  this  weed,  arises  from  the  fact  that  it  glows  Tepidly  and 
ripens  its  seed  after  cultivation  of  the  crops  has  ilshally  chased. 
(Plate  VI.) 
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Common  milkweed  (Asclepias  cornuti). 


An  herbaceous  plant  with  a  perennial  root,  native  of  this  country, 
although  now  spontaneous  in  many  parts  of  Europe.  The  stems 
are  erect  and  unbranched  2  or  3  feet  high,  and  clothed  with  op¬ 
posite  oblong  leaves,  with  very  short  stalks,  4  or  6  inches  long  and  with 
entire  margins,  soft  and  velvety  on  the  lower  side,  with  mahy  prom¬ 
inent  veins  at  right  angles  with  the  midrib,  and  connecting  near  the 
margin.  The  flowers  are  in  large  clusters,  called  umbels,  proceeding 
from  the  top  and  tipper  portion  of  tlie  stem,  each  umbel  supported 
on  a  thickish  peduncle  2  to  4  inches  ill  lehgtli.  The  individual  flow¬ 
ers,  20  to  40  in  each  cluster,  are  supported  on  slender  pedicels  about 
an  inch  ill  length.  The  flowers  are  less  than  half  an  inch  long  and 
of  the  peculiar  structure  common  to  the  milkweed  family.  This 
will  be  best  explained  by  reference  to  the  figure  given.  Usually  only 
one  or  two  of  these  flowers  matufe  fruit,  which  is  an  ovate  pod  about 
3  iiiches  long  and  an  inch  thick,  rough!  sh,  with  Weak  protuberances, 
but  soft  and  velvety,  and  filled  with  a  multitude  of  small  flat  over¬ 
lapping  seeds,  each  with  a  crown  of  soft  silky  fibers,  which  seems  to 
waft  the  seed  in  the  air. 

This  best  known  of  our  milkweeds,  north  of  Teffnessee  and  east 
of  the  Mississippi,  has  become  exceedingly  troublesome  iii  some  lo¬ 
calities  as  a  Weed.  Its  deep  running  perennial  rOot-stocks  are  very 
tenacious  of  life,  and  spread  rapidly,  throwing  tip  numerous  stems. 
The  plant  is  most  troublesome  in  meadows  and  along  roadsides, 
forming  patches  which  check  the  growth  of  grass.  Its  seeds  are 
distributed  by  means  of  a  tuft  of  silky  hairs.  The  milky  juice  is  a 
popular  remedy  with  children  for  warts.  The  you  rig  shoots  are  used 
hy  some  as  a  substitute  for  asparagus.  The  plant  has  a  strong  fiber, 
which  some  have  attempted  to  Utilize. 

This  plant  is  subject  in  some  localities  to  the  attacks  of  a  fungus, 
which  checks  its  growth  and  gives  it  a  sickly  yellow  appearance. 
The  affected  leaves  usually  become  re  volute  at  the  margin,  and  the 
plants,  if  badly  affected,  fail  to  blossom,  and  send  up  numerous  slen¬ 
der  shoots,  reminding  one  of  the  “yellows’'  in  peaches.  The  exter¬ 
mination  of  the  plant  Requires  careful  cultivation  throughout  the 
entire  season,  after  which  it  will  not  be  found  difficult  to  prevent  its 
becoming  again  established.  (Plate  Mil.) 


Cursed  crowfoot  (Ranuncillus  scA'eratus). 


A  low  herbaceous  plant  Of  the  Buttercup  family  with  a  smooth, 
thickish;  spongy  stem,  much  branched  above;  The  lower  leaves  are 
one-half  inch  in  diameter,  deeply  three-lobed,  with  the  lobes  coarsely 
and  obtusely  toothed;  the  upper  leaves  become  narrower  and  less 
divided,  or  almost  linear  and  undivided.  The  flowers  are  very  nu¬ 
merous  and  small,  on  pedicels  half  an  inch  to  an  inch  in  length.  The 
light  yellow  petals  are  less  than  one-fourth  iiicli  in  length.  The 
heads  of  carpels  or  fruit  are;  when  mature,  about  half  all  inch  long, 
densely  crowded  with  the  minute  seeds.  The  plant  attains  a  height 
of  a  foot  or  two.  It  is  a  native  of  Europe,  but  has  been  widely  dis¬ 
tributed  over  the  world.  It  is  found  mainly  in  ditches  and  other 
wet  places.  The  name  was  not  given  by  reason  of  any  extreme 
troubiesomeuess  as  a  Weed,  but  on  account  of  the  acrid  and  biting 
character  of  the  juice.  This  is  so  irritating  that  if  applied  to  the 
skin  it  will  readily  produce  blisters.  Notwithstanding  this  fact,  if 
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the  plant  be  boiled  and  the  water  thrown  off,  it  is  not  unwholesome, 
and  is  sometimes  eaten  by  the  peasants  in  Germany  as  a  vegetable. 
(Plate  VIII.) 

Chondrilla  juncea. 

This  plant  grows  to  the  height  of  2  or  3  feet,  having  strong,  deeply 
spreading  roots,  and  slender,  twig-like  stems,  more  or  less  branching 
above  and  apparently  destitute  of  leaves,  or  with  a  few  slender 
thread-like  leaves.  The  leaves  are  mostly  in  a  cluster  at  the  base  of 
the  stem,  where  they  have  an  irregular  jagged  shape,  much  like  those 
of  the  Dandelion.  The  bare  twigs  become  sparingly  clothed  during 
the  summer  with  sessile  flowers  of  the  order  Composite) e;  in  appear¬ 
ance  much  like  those  of  Lettuce.  This  unsightly  perennial  weed  has 
been  introduced  into  Maryland,  Virginia,  and  other  Southern  States, 
where  it  is  spreading  along  roadsides  and  over  dry  uncultivated 
fields.  Complaints  have  been  received  from  Virginia  of  its  agressive 
nature,  and  of  the  difficulty  of  its  extermination.  It  is  a  native  of 
the  southern  half  of  Europe  and  the  adjoining  countries  of  Asia. 

.  Over  most  of  France  it  is  common  upon  sandy  soils.  It  has  not  yet 
entered  England  and  the  other  northern  countries  of  Europe,  and 
therefore  it  is  not  expected  that  it  will  become  prevalent  to  any  ex¬ 
tent  in  our  Northern  States. 

For  the  eradication  of  this  pest  summer  fallowing  with  frequent 
plowing  and  harrowing  will  be  necessary.  This  method,  succeeded 
by  a  hoed  crop,  will  probably  relieve  the  field  of  its  presence.  At 
the  same  time  the  greatest  care  should  be  taken  to  exterminate  it 
from  roadsides  and  neglected  fields,  where  it  is  liable  to  maintain  a 
foothold.  (Plate  IX.) 


St.  John's  wort  (Hypericum  perforatum). 

A  perennial  herb,  growing  1-J  to  2  feet  high,  usually  with  many 
opposite  spreading  branches,  and  clothed  with  many  opposite,  small, 
sessile  leaves,  less  than  an  inch  long,  oblong  or  ovate-oblong,  with 
entire  margin  and  obtuse  summit.  These  leaves  are  marked  by 
many  minute  pellucid  dots.  The  flowers  are  collected  into  small 
clusters  or  cymes  at  the  extremity  of  the  branches.  They  are  less 
than  an  inch  in  diameter,  with  five  deep  yellow  petals,  which  are 
twice  as  long  as  the  lanceolate  sepals.  The  stamens  are  very  nu¬ 
merous,  collected  in  several  clusters.  There  are  three  pistils,  which 
develop  into  a  three-celled  many-seeded  pod. 

This  plant  received  its  name,  probably,  from  the  fact  that  “the 
common  people  of  France  and  Germany  gather  it  with  great  cere¬ 
mony  upon  St.  J ohn’s  day  and  hang  it  in  their  windows  as  a  charm 
against  storms,  thunder,  and  evil  spirits.”  The  plant  has  been  in¬ 
troduced  and  become  naturalized  quite  extensively  in  this  country 
east  of  the  Mississippi.  It  is  a  perennial  weed,  rather  troublesome 
m  old  fields  and  pastures.  At  one  time  it  was  supposed  to  cause 

V^ers  upon  the  feet  of  cattle,  but  it  has  probably  no  such  effect. 
(Plate  X.) 

Pigweed  ( Amarantus  hybridus). 

miis  coarse  annual  weed,  common  in  nearly  all  cultivated  ground, 
gi ovv  s  to  the  height  of  4  or  5  feet,  with  a  much-branched  stem,  with 
numeious  alternate  leaves,  which  are  mostly  from  2  to  3  inches  long, 
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of  an  ovate  form,  with  prominent  nerves  and  entire  margins.  The 
flowers  are  small,  of  a  pale-green  color,  and  very  numerous  in  ter¬ 
minal  and  lateral  spikes.  Each  minute  flower  lias  at  the  base  three 
stiff,  pungent  bracts,  with  five  thin,  chaffy  sepals,  five  stamens  shorter 
than  the  sepals,  and  a  central  ovary  or  seed  vessel  containing  a  sol¬ 
itary  black  and  shining  seed.  In  some  cases  these  flowers  contain 
only  stamens,  and  in  others  only  the  pistillate  organs.  The  “  Lamb’s 
Quarters”  or  Goosefoot  ( Chenopodium  album )  is  also  known  in  com¬ 
mon  language  as  Pigweed.  In  some  sections  it  is  conveniently  dis¬ 
tinguished  from  that  weed  by  the  appropriate  name  of  “  Red  Root.” 

The  species  here  described  and  illustrated  seems  to  be  the  one  most 
abundant  in  cultivated  grounds  in  this  country.  Like  the  other 
closely-related  species  which  have  become  weeds,  it  is  an  introduc¬ 
tion  from  the  warmer  parts  of  America  or  from  Europe. 

It  is  found  abundantly  native  in  Mexico  and  throughout  the  south¬ 
ern  borders  of  the  United  States. 

In  Mexico  and  southern  California  the  Amaranths  are  often  used 
as  forage  plants,  and  the  seed  is  gathered  by  the  Indians  for  making 
bread.  (Plate  XL) 

Wild  carrot  (Dcmcus  caroia). 

This  biennial  vegetable  is  so  well  known  in  its  cultivated  state  in 
gardens  as  to  hardly  need  any  special  description.  It  belongs  to  the 
Order  Umbelliferce,  which  is  distinguished  by  having  its  small  flow¬ 
ers  in  clusters,  called  umbels,  so  named  because  the  flower  stalks  all 
start  from  one  point  at  the  extremity  of  a  branch  and  spread  out 
like  the  ribs  of  an  umbrella.  These  stalks  or  rays,  as  they  are  called, 
are  in  most  species  again  divided  into  smaller  umbels  called  um- 
bellets.  In  the  Carrot  these  rays  are  very  numerous,  and  form  to¬ 
gether  a  close  flat-topped  cluster,  becoming  concave  in  fruit.  The 
leaves  are  divided  and  subdivided  into  numerous  fine  segments. 

The  Wild  Carrot  is  abundant  in  several  of  the  Central  and  East¬ 
ern  States,  and  is  spreading  into  new  localities.  It  is  not  trouble¬ 
some  in  cultivated  land,  being  confined  chiefly  to  meadows  and  road¬ 
sides.  It  is  usually  introduced  in  grass  or  clover  seed.  The  umbels 
curl  up  when  ripe  and  hold  the  seed  into  the  winter,  when  it  is 
gradually  scattered  ;  sometimes  the  umbels  break  off  and  are  driven 
over  the  snow,  carrying  the  seeds  to  adjoining  fields.  Fifty  thousand 
seeds  have  been  counted  on  a  plant  of  average  size.  Carefully  cut¬ 
ting  the  plants  for  two  years  will  eradicate  most  of  them.  (Plato 
XII.) 

Coco  OR  nut-grass  ( Cyperus  rotundas,  var.  Hydra). 

This  so-called  grass,  a  species  of  Cyperus  or  Sedge,  is  regarded  as 
the  worst  pest  of  agriculture  upon  sandy  soils  throughout  the  South. 
It  is  said  to  have  been  accidentally  brought  to  this  country  by  a  gen¬ 
tleman  of  New  Orleans  among  some  exotics  obtained  from  Cuba. 
Thinking  that  he  had  obtained  some  rare  plant  he  set  it  in  his  gar¬ 
den  and  thus  introduced  this  terrible  scourge.  It  produces  but  lit¬ 
tle  seed,  but  propogates  itself  mainly  by  runners  which  ramify 
through  the  soil,  producing  tubers  at  intervals  of  6  or  8  inches  and 
sending  up  stems  to  the  surface.  It  is  exceedingly  tenacious  of  life 
and  ordinary  plowing  and  cultivation  serves  only  to  make  it  spread 
more  rapidly.  “  The  only  process  yet  discovered  by  which  this  grass 
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can  bo  extirpated  is  tp  plow  or  hoe.  the  spots  in  which  it  grows  every¬ 
day  through  the  whole  season.  In  their  perpetual  efforts  to  throw 
their  leaves  to  the  light 

It  is  said  also  that  by 
grass  may  be  smothered 
the  figure. 

A  correspondent  of  the  Times-Democrat  thus  describes  his  experi¬ 
ence  with  this  pest: 

I  had  a  few  acrgs  thickly  infested  with  nut-gyass  and  determined,  if  possible,  to 
get  rid  of  this  unwelcome  interloper.  Broke  the  land  deeply  in  the  fall,  gave  it  a 
shallow  plowing  the  following  spring,  and  planted  in  cotton  early  in  April.  ^  I 
cultivated  it  as  well  as  I  could,  but  it  seemed  almost  impossible  to  keep  ahead  of  the 
grass.  About  August  15, 1  took  the  turning  plow,  wrapped  the  grass  up  completely, 
and  did  not  allow  it  to  go  to  seed.  I  can  not  explain  how  it  is,  but  my  coco  has  dis¬ 
appeared  and  I  am  troubled  with  it  no  longer. 


Ilie  roots  oecome  exnaumeu  tuiu  pm  a 
plaptiiig  tjie  land  to  Bermuda  grass  the  hut- 
out.  Jts  appearance  is  well  represented  in 


(Plate  XIII.) 


Barberry  (Berber is  vulgaris). 

This  shrub  is  a  native  of  Europe,  but  has  been  introduced  into  the 
United  States;  is  frequently  seen  in  cultivation,  and  in  New  Eng¬ 
land  has  in  some  places  escaped  and  become  wild.  It  is  a  pretty 
ornamental  shrub,  attaining  a  height  of  8  to  10  feet.  The  twigs  are 
commonly  spiny,  and  the  leaves,  which  are  obovate  and  sharply 
toothed  on  the  margins,  are  in  fascicles  in  close  connection  with  the 
spines.  The  flowers  are  in  racemes,  like  those  of  the  currant,  are  of 
a  yellow  color,  and  are  succeeded  by  bright  red,  oblong,  acid  ber¬ 
ries.  The  berries  are  often  used  in  making  preserves  for  the  table. 

The  shrub  is  brought  to  notice,  not  because  it  has  yet  become  so 
common  as  to  be  called  a  weed,  but  principally  because  of  tlie  com¬ 
mon  but  fallacious  belief  among  farmers  that  the  presence  of  this 
hush  was  the  cause  of  rust  in  grain.  This  opinion  arose  from  the 
fact  that  the  leaves  of  the  Barberry  are  subject  to  the  attack  of  a 
fungus  which  is  identical  with  one  of  the  stages  of  the  wheat  rust, 
but  has  no  necessary  connection  with  it.  (Plate  XV). 


MEDICINAL  PLANTS. 

Peppermint  (Mentha  piperita,  L.). 

Numerous  requests  for  information  regarding  the  cultivation  of 
peppermint  have  been  answered  by  the  division  during  the  past  year. 
About  four-fifths  of  the  world’s  supply  of  peppermint  oil  is  produced 
in  this  country,  the  annual  product  amounting  to  nearly  $1,000,000. 

In  addition  to  information  given  oil  this  subject  in  former  reports 
the  following  from  Mr.  P.  F.  Hagenbuch,  a  successful  peppermint- 
grower  of  Saint  Joseph  County,  Mich.,  has  been  furnished  by  request: 

To  gro vv  mint  successfully  requires  a  good,  heavy,  sandy  loam  and  clean  culture. 
Cleanliness  is  essential  for  two  reasons:  First,  mint  is  a  slow-growing  plant,  and  if 
it  is  not  kept  clean  it  is  soon  overgrown;  second,  mint-oil,  when  pure,  has  a  very 
fine  flavor,  while  if  any  of  the  weeds  known  as  mare-tail,  fire- weed,  smart-weed,  or 
rag-weed  are  distilled  with  the  mint  it  acquires  an  offensive  odor,  which  prevents 
it  selling  readily. 

Mint  lias  been  carried  from  this  county  into  other  States,  but  usually  with  poor 
success.  It  has  proved  a  failure  in  California,  Iowa,  Illinois,  and  southern  Minne¬ 
sota,  the  plant  having  a  large  growth  but  little  oil. 
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I  understand  that  it  grows  with  success  on  sandy  loam  in  northern  Minnesota;  also 
that  it  has  been  taken  to  Mississippi  and  grown  successfully  there. 

I  believe  peppermint  is  the  most  'successful  crop  that  can  be  grown  upon  the  marsh 
mucks  of  Michigan.  Last  year  my  partner  and  myself  grew  $400  worth  of  oil  upon 
9  acres,  and  we  have  25  acres  now  ready  to  plant.  Our  marsh  is  tiled  every  0  rods, 
from  3  to  4  feet  deep. 

Mint  must  be  planted  in  the  spring  as  soon  as  it  is  possible  to  get  upon  the  ground, 
as  the  roots  start  very  early.  We  generally  plant  on  clean  clover  sod,  corn  stubble, 
or  old  potato  ground.  It  is  the  only  crop  that  I  know  of  that  follows  potatoes  well. 
After  the  ground  is  plowed  and  harrowed  it  is  marked  out  one  way,  from  2  feet  8 
inches  to  3  feet  apart,  with  a  shovel  plow,  edre  being  taken  to  make  but  a  short  dis¬ 
tance  ahead  of  the  planting,  that  the  land  may  be  fresh.  In  digging  the  roots  for 
planting  we  first  plow  them  out,  then  shake  well  with  a  fork  and  draw  in  piles  to 
where  they  are  to  be  planted,  covering  well  with  earth  to  keep  them  from  becoming 
dry.  In  planting,  a  man  takes  a  coffee-sack  and  fdls  it  with  roots  well  picked  to 
pieces,  then  swings  it  across  his  shoulder;  he  now  gets  astride  of  the  row,  pulls  the 
roots  from  the  sack  with  his  left  hand,  throws  them  into  the  furrow  with  his  right, 
and  kicks  the  earth  over  them  from  both  sides  with  liis  feet.  An  old  hand  at  the 
work  can  plant  an  acre  a  day,  but  a  green  hand  can  not  make  all  fours  go  at  once, 
and  will  not  plant  more  than  half  an  acre.  Care  should  be  taken  to  always  keep 
good  roots  in  the  row  and  have  no  gaps.  After  planting  comes  the  hoeing  and  cul¬ 
tivating,  which  must  be  done  with  great  care.  If  the  land  is  reasonably  clean  at 
first,  this  can  be  done  at  a  cost  of  $4  or  $5  dollars  per  acre  for  tire  season,  but  in  foul 
grassy  land  I  have  known  a  man  to  hoe  only  a  tenth  of  an  acre  a  day. 

About  the  last  of  July  the  plants  begin  to  throw  out  runners  and  cultivation  stops. 
The  blossoms  appear  in  the  latter  part  of  August,  and  the  crop  is  then  ready  to  dis¬ 
til.  A  distillery  will  cost  $200  or  more,  according  to  the  cost  of  boiler.  A  distillery 
consists  of  a  boiler  (15-horse  capacity),  two  large  tubs,  6  feet  high  and  5  feet  10  inches 
across  the  top,  and  a  condenser  made  of  tin  pipes.  The  steam,  admitted  at  the  bot¬ 
tom  of  the  tub,  goes  up  through  the  mint  and  comes  out  at  the  top  with  the  vapor 
of  the  oil;  the  vapors  of  both  then  pass  into  the  condenser,  upon  which  cold  water 
is  pumped,  the  condensed  steam  and  oil  running  out  below  into  a  receiver,  which 
resembles  an  old  sprinkling  can.  The  oil  remains  at  the  top  in  the  can,  and  the 
water  is  drawn  off  below,  we  usually  cut  the  mint  far  enough  ahead  to  have  it  dry 
before  distilling,  as  it  i  hen  handles  better  and  loses  no  oil  in  drying.  Peppermint  is 
more  reliable  to  grow  than  spearmint,  as  the  latter  is  more  delicate,  being  very  sensi¬ 
tive  to  drought,  too  much  moisture,  or  frost;  in  fact,  a  hard  frost  will  often  diminish 
the  yield  of  oil  one-half. 

Evening  primrose  (CEnothera  biennis) . 

Mr.  L.  J.  Germain,  of  Cuyahoga  Falls,  Ohio,  has  contributed  a 
very  full  account  of  the  medicinal  properties  of  this  plant,  of  which 
the  following  is  an  abstract:  * 

In  some  of  the  Eastern  States  it  is  said  to  be  used  as  a  diaphoretic  in  fevers,  and 
is  there  known  as  “  fever  plant.”  It  is  also  said  to  be  used  there  in  the  harvest 
field  under  the  name  of  “  coffee  plant,”  for  its  invigorating  Qualities,  and  to  slaken 
thirst  and  promote  perspiration.  In  the  Middle  States  it  is  generally  known  as  ‘  ‘  scab- 
ish  plant,”  or  wild  Evening  Primrose,  and  is  in  great  repute  for  “  summer  com¬ 
plaints.”  such  as  ordinary  diarrhea,  cholera  morbus,  bloody  flux,  Asiatic  cholera, 
cholera  infantum,  etc.  The  young  roots  are  also  grated  fine,  pulverized,  or  macerated 
with  fresh  lard,  mutton  tallow,  or  fresh  butter,  and  applied  as  an  unguent  to  cuta¬ 
neous  affections,  such  as  burns,  scalds,  felons,  bunions,  erysipelas, cuts,  and  bruises. 
In  the  Southern  States  it  is  commonly  known  as  “  king's  cure-all,”  and  used  by 
physicians  to  dispel  gathering  humors,  such  as  boils  or  “  gatherings.”  The  negroes 
use  it  as  an  antitode  for  snake  bites  and  as  a  poultice  for  wounds,  causing  them  to 
heal  by  “  first  intention.”  For  the  latter  purpose  the  usual  method  of  preparing 
the  poultice  by  country  physicians  is  by  boiling  the  leaves  with  wheat  bran. 

Another  use  for  the  plant  is  in  cases  of  sun-stroke.  Its  reviving  effect  in  such 
cases  and  the  relief  of  the  attending  apoplexy  is  wonderful,  as  I  have  experienced 
in  myown  person  and  observed  in  others.  It  is  also  used  as  a  soothing  stimulant 
by  the  aged,  infirm,  and  hypochondriacal.  I  have  seen  the  tea  used  successfully 
to  promote  perspiration  and  check  vomiting  and  spasms  in  a  case  of  Asiatic  cholera. 
I  also  used  the  same  with  good  effect  upon  myself  on  one  occasion  in  a  case  of  or¬ 
dinary  cholera.  On  frequent  occasions,  during  a  series  of  years  with  a  surveying 
party  in  the  West,  I  have  given  it  to  my  men  for  sudden  attacks  of  bowel  complaint", 
always  with  good  results.  In  some  cases  better  results  seem  to  have  been  obtained 
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by  a  slight  addition  of  alcohol  to  effect  a  more  complete  solution  of  some  of  the 
gummy  principles.  Sulphate  of  ether,  instead  of  alcohol,  has  been  used  in  ‘des¬ 
perate  cases  of  cholera  infantum  and  for  the  diarrhea  which  often  follows  scarlet, 
fever. 

I  should  also  add  that  the  blossoms  placed  in  water  form  a  mucilage  excellent 
for  inflamed  eyes. 


IMMEDIATE 


INFLUENCE 


OF  CROSS-FERTILIZATION  UPON  THE  FRUIT. 


By  A.  A.  Ciiozier,  Assistant  Botanist.  ' 

This  subject  has  received  renewed  attention  from  horticulturists 
and.  others  during  the  last  few  years,  and  has  been  an  object  of  ex¬ 
periment  by  private  growers  and  at  several  of  the  agricultural  col¬ 
leges  and  experiment  stations.  It  is  a  question  of  considerable  prac¬ 
tical  importance.  If  different  varieties  of  plants  growing  together 
may  affect  directly  the  character  of  each  other’s  fruits,  the  fact 
should  be  definitely  known  and  the  extent  of  such  influence  deter¬ 
mined.  From  the  evidence  collected  it  appears  that  many  growers 
believe  that  in  at  least  some  cases  such  an  influence  exists.  Squashes 
and  pumpkins,  for  example,  are  believed  to  affect  melons  growing  in 
their  vicinity.  In  certain  sections  it  has  been  the  practice  of  market 
gardeners  to  plant  an  occasional  hill  of  pumpkins  in  their  fields  of 
water-melons  for  the  purpose  of  increasing  the  size  and  firmness  of 
the  melons  for  market.  Among  strawberry -growers  it  is  widely  be¬ 
lieved  that  the  berries  of  pistillate  varieties  will  vary  in  character 
according  to  the  staminate  variety  which  furnishes  the  pollen.  As 
many  of  the  best  varieties  of  strawberries  are  pistillate  and  require 
to  be  fertilized  by  some  perfect  flowered  variety,  it  becomes  impor¬ 
tant  to  know  with  certainty  whether  such  an  influence  exists  or  not. 

The  question  of  the  immediate  influence  of  cross-fertilization  upon 
the  fruit  has  not  heretofore  received  the  attention  of  the  Department. 
All  the  attainable  evidence  on  the  subject  has  therefore  been  col¬ 
lected  both  from  growers  and  publications,  and  the  principal  portion 
of  it,  together  with  the  results  of  a  few  additional  experiments,  is 
herewith  printed.  The  total  amount  of  existing  testimony  is  consid¬ 
erable,  but  the  amount  of  reliable  evidence  is  small.  The  evidence 
here  given,  though  sufficient,  perhaps,  to  establish  a  probability,  is 
intended  mainly  as  a  basis  for  a  more  complete  study  of  the  subject, 
which  it  is  hoped  will  be  made. 


SUMMARY  OF  THE  EVIDENCE. 

Charles  Darwin8  gives  a  large  amount  of  testimony  to  prove  that 
cross-fertilization  has  an  effect  the  first  season  upon  the  ovary  or 
iiuit  as  well  as  upon  the  seed;  but  he  says  that  such  an  effect  does 
nou  always  follow,,  and  that  Mr.  Knight,  a  careful  observer,  had 
never  seen  the  fruit  affected,  though  he  had  crossed  thousands  of 
apples  and  other  fruits. 

Dr.  .Asa  Gray  0 12  contributes  several  articles  on  this  subject  to  the 
Amei ican  Journal  of  Science,  and  states  that  ‘At  is  generally  agreed 
that  the  alteration  of  the  character  of  the  fruit  is  immediate,  i.  <?., 
.Lm  it  ahects  tne  ovary  itself,”  and  adds:  < 4  Improbable  as  such  an 
influence  seems  to  be,  it  is  hardly  more  so  than  the  now  authenti- 
cated  fact  that  the  graft  of  a  variegated  variety  of  a  shrub  or  tree 
will  slowly  infect  the  stock.” 

Thomas  Meehan,  after  publishing  much  on  the  subject  in  his  Gar- 
deneis  Monthly,  reviews  the  whole  question  in  an  article  in  the 
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Rural  New  Yoi  ker,17  and  concludes  tliat  there  is  not  sufficient  evi¬ 
dence  to  warrant  a  belief  in  the  direct  influence  of  pollen,  except 
possibly  in  the  case  of  Indian  corn. 

Mr.  NT.  E.  Hansen,  a  student  at  the  Iowa  Agricultural  College,  con¬ 
cludes  from  a  large  amount  of  testimony  collected  in  1887,  and  from 
some  personal  experiments,  that  foreign  pollen  does  sometimes  exert 
an  immediate  influence  on  the  fruit. 

The  greatest  amount  of  interest  on  the  subject  in  this  country  has 
been  in  connection  with  the  strawberry.  Most  growers  who  have 
given  attention  to  the  subject  believe  that  there  is  a  direct  influence 
of  foreign  pollen,  at  least  at  times.  At  the  last  three  sessions  of  the 
American  Pomologicai  Society  the  subject  has  been  under  discussion. 
Professor  Lazenby,  at  the  session  of  1885, 2  reported  experiments  made 
in  1884  at  the  Ohio  Experiment  Station  in  which  there  was  an  appar¬ 
ently  marked  effect  of  foreign  pollen  upon  the  fruit  of  the  straw¬ 
berry.  A  repetition  of  the  experiments  in  1885,  however,  left  the 
result  in  doubt. 


In  the  same  year53  Mr.  E.  S.  Goff,  of  the  Hew  York  Experiment 
Station,  crossed  Crescent  and  Sharpless  strawberries  with  other  sorts 
and  saw  no  influence  of  the  cross.  In  1 S8  624  he  crossed  the  Crescent 
with  pollen  of  three  other  varieties,  but  the  fruit  all  appeared  alike. 
In  the  same  year  he  fertilized  three  varieties  of  black  grapes  with 
pollen  of  the  white  variety,  Lady  Washington,  but  observed  no  dif¬ 
ference  in  the  character  of  the  resulting  berries. 

Thomas  Wild,  of  Cooperville,  Mich.,  has  made  numerous  crosses 
in  strawberries  and  believes  that  in  some  cases  an  influence  of  the 
cross  is  seen  the  first  year.  Perhaps  the  best  evidences  of  immediate 
influence  of  foreign  pollen  is  found  in  the  case  of  corn.  It  will  be 
borne  in  mind,  however,  that  the  ovary  here  is  but  a  thin  covering 
to  the  seed,  and  that  any  effect  observed  may  be  due  solely  to  a 
change  in  the  seed  itself. 

Mr.  A.  A.  Crozier  in  1879  crossed  flint  corn  with  Yellow  Dent,  and 
in  18865  crossed  sweet  corn  and  White  Dent  with  Yellow  Dent  and 
observed  an  effect  of  the  cross  the  same  year. 

Experiments  at  the  U.  S.  Experiment  Station  by  Dr.  E.  L.  Sturte- 
vant  upon  corn,  though  not  undertaken  for  the  purpose  of  deter¬ 
mining  this  point,  have  satisfied  him  that  there  is  an  observable 
effect  the  first  season. 


Prof.  S.  M.  Tracy  states  to  the  writer  that  he  has  crossed  flint  corn 
with  yellow  dent  without  observing  any  effect  the  first  year.  In 
other  cases,  however,  an  immediate  effect  has  been  seen. 

Experiences  like  that  recorded  in  the  letter  of  D.  M.  Ferry  &  Co., 
given  below,  are  so  common  that  the  general  opinion  that  corn  will 
“mix”  the  first  year  seems  fairly  well  sustained. 

Among  Cucurbitacece  it  is  generally  believed  that  cross-fertilization 
readily  occurs  and  that  its  effect  appears  in  the  fruit  the  first  season. 
Pumpkins,  are  supposed  to.  influence  the  fruit  of  squashes  growing 
in  their  vicinity ;  water-melons  are  thought  to  be  especially  liable  to 
be  in  juried  by  citrons;  and  cucumbers  have  been  said  by  good  ob¬ 
servers  to  affect  the  quality  of  muskmelons  growing  near. 

In  some  experiments  bv  M.  In  and  in, 10  a  French  scientist,  on  crossing 
in  Cucurbitacece ,  the  varieties  in  each  species  crossed  readily  and  there 
seemed  to  be  an  effect  the  first  season,  but  the  species  themselves 
refused  to  hybridize.  Out  of  seventy  trials  between  all  the  known 
species  except  one,  in  but  five  instances  did  the  fruit  set.  and  in  none 
of  these  was  there  a  perfect  seed. 
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The  letters  of  Mr.  Baker  and  D.  M.  Ferry  &  Co.,  given  below,  to¬ 
gether  with  the  quotation  from  Mr.  Darlington,  are  strong  testimony 
in  favor  of  an  effect  of  a  cross  the  first  year.  On  the  other  hand,  if 
such  an  effect  exists,  it  is  remarkable  that  such  seedsmen  as  Messrs. 
Comstock,  Kolb,  and  Henderson,  as  shown  in  their  subjoined  letters, 
have  never  observed  it. 

During  the  past  season  Professor  Bailey,4  Ml  Skaels,25  and  Mr., 
Crozier6  each  made  successful  crosses  between  different  varieties  of 
summer  squashes,  but  the  fruits  differed  in  no  observable  respect 
from  those  self-fertilized. 

In  regard  to  the  ordinary  fruits  the  testimony  is  equally  discord¬ 
ant.  About  1873  Dr.  B.  D.  Halsted  and  Mr.  C.  W.  Garfield,  under 
the  direction  of  Dr.  W.  J.  Beal,  at  the  Michigan  Agricultural  Col¬ 
lege,  made  one  hundred  crosses  between  different  varieties  of  apples. 
About  twenty  fruits  were  the  result,  some  of  whi,cli  seemed  to  com¬ 
bine  the  characters  of  both  parents.  Both  Dr.  Halsted  and  Mr.  Gar¬ 
field  believed  at  the  time  that  these  results  were  due  to  an  influence 
of  the  pollen  used.  Dr.  Halsted  still  holds  to  that  opinion,  but  Mr. 
Garfield,  in  view  of  the  variations  which  spontaneously  appear  among 
apples,  now  doubts  whether  the  appearances  then  observed  were  due 
to  the  crossing. 

Other  experiments  of  the  same  nature  have  been  made  by  students 
of  Dr.  Beal,  but  from  none  of  them  is  he  satisfied  that  there  is  an  in¬ 
fluence  of  a  cross  the  first  year. 

In  188.6  Dr.  Halsted15  crossed  flowers  of  the  Longfield  apple  with 
pollen  of  the  Roman  Stem.  The  resulting  fruits  combined  the  char¬ 
acters  of  both  varieties  and  were  believed  to  show  a  direct  influence 
of  the  foreign  pollen.  Other  crosses,  made  by  himself  and  Prof.  J. 
L.  Budd  at  the  Iowa  Agricultural  College,  gave  the  same  result. 

In  1887  Prof.  L.  H.  Bailey4  crossed  Hyslop  crab  with  the  Olden¬ 
burg  apple,  and  another  variety  of  crab  with  Sweet  Romanite,  but 
no  change  in  the  fruit  was  observed .  He  also  crossed  the  Spiny- 
fruited  Datura  stramonium  with  pollen  of  the  Smooth-fruited  Da¬ 
tura  inermis  without  observing  any  change  in  the  character  of  the 
pods  (see  letter  of  Professor  Bailey,  given  below).  Among  citrus 
fruits  there  is  a  prevalent  belief  in  the  immediate  influence  of  cross¬ 
fertilization. 

Mr.  Hart,  whose  letter  is  given,  and  Mr.  Lyman  Phelps,  of  San¬ 
ford,  Fla.,  believe  that  they  have  observed  a  change  in  the  appear¬ 
ance  of  oranges  due  to  the  pollen  of  other  varieties  growing  near. 
The  Bahia,  or  Washington  Havel  orange  is  believed  to  be  especially 
potent  in  impressing  its  peculiar  mark  upon  other  varieties;  but  as 
this  variety  produces  very  little  pollen  and  is  a  shy  bearer  unless 
fertilized  by  other  varieties,  and  as  specimens  haying  the  Havel  mark 
are  found  in  varieties  where  no  Havel  trees  exist,  the  evidence  from 
this  source  for  the  immediate  influence  of  pollen  on  the  fruit  does 
not  seem  to  be  conclusive.  Ho  direct  experiments  in  the  crossing  of 
oranges  to  determine  this  point  seem  to  have  been  made,  though  some 
are  now  in  progress  in  the  orange  house  of  the  Department  of  Agricul¬ 
ture.  In  the  crosses  between  varieties  of  the  orange  which  have  been 
made  by  Mr.  Saunders,  superintendent  of  the  Department  grounds, 
and  his  assistants,  no  immediate  influence,  has  been  observed. 

A  cross  of  a  lemon  with  pollen  of  an  orange  was  made  the  past 
season  by  Mr.  Henry  Pfister,  head  gardener  at  the  Executive  Man¬ 
sion.  The  fruit  is  now  (January,  1888)  f  ull  size,  and  resembles  the 
other  lemons  upon  the  same  tree. 
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Tlie  following  letters  are  given  from  among  fliose  received  at  fire 
Department  in  response  to  inqpiries  upon  this  subject: 

T-  F.  Baker,  Bridgeton,  K  J. : 


An  Maurice  River  and  Rail-field  Townships,  Cumberland  County,  an  occasional 
hill  of  pumpkins  has  been  planted  among  water-melons,  but  not  for  the  past  three 
years.  It  increases  the  size  very  much,  and  also  makes  the  rind  harder,  so  that  they 
endure  handling  and  transportation  better.  The  universal  opinion  of  those  who 
have  practiced  this  method  is  that  it  had  invariably  a  bad  effect  upon  the  quality,  so 
that  they  have  abandoned  the  practice. 

""here  is  ample  evidence  the  first  year  of  mixture,  and  seed  from  such  stock  is 
Utterly  worthless  where  good  toothsome  melons  are  desired- 

Prof.  L.  H.  Bailey,  jr.,  Agricultural  College,  Mick.: 


I  have  performed  many  c;  osses  this  year  between  such  plants  as  would  give  un¬ 
mistakable  evidence  of  the  immediate  effect  of  pollen  should  such  effect  occur.  I 
crossed  Hyslop  crab  with  Duchess  of  Oldenbufg  and  got  no  effect  in  any  way,  not 
even  in  season  of  maturity  or  texture.  I  crossed  another  crab  with  Sweet  Roman ite 
and  obtained  no  immediate  effect. 

By  the  way,  I  made  a  singular  incidental  experiment  on  these  varieties.  Of  five 
crabs  I  removed  four  of  the  pistils  and  crossed  the  remaining  one.  From  these 
crosses  I  got  two  mature  apples,  but  they  had  seeds  in  only  one  cell. 

I  crossed  many  Crookneck  squashes  with  the  White  Scallop  or  Summer  Turban. 
The  squashes  are  nearly  mature,  but  there  is  no  immediate  effect  whatever.  In 
order  to  test  the  matter  more  fully  I  hybridized  two  plants  which  have  exceedingly 
dissimilar  fruits.  These  are  Datura  stramonium  (Jamestown  weed)  and  D.  inermis. 
The  former  has  very  prickly  pods,  the  latter  very  smooth  ones.  I  have  made  recip¬ 
rocal  hybridizations,  but  there  is  no  immediate  effect  of  pollen.  I  have  never  yet 
seen  any  immediate  effect  of  pollen.  I  am  very  careful  in  making  my  crosses,  and 
I  know  that  I  have  made  no  mistake.  I  do  all  the  work  myself  I  use  manilla  bags 
on  both  pistillate  and  staminate  flowers,  and  I  leave  them  on  the  pistillate  flowers 
a  week  after  the  operation  is  performed. 


Prof.  J.  L.  Budd,  Agricultural  College,  Ames,  Iowa: 


The  most  marked  variation  in  the  shape  of  fruit  was  in  the  crossing  of  the  Roman 
Stem  pn  the  Pyrus  eoronaria.  Some  of  the  specimens  were  so  like  Roman  Stem  in 
shape  and  in  the  peculiar  stem  and  basin  as  to  be  difficult  to  separate,  except  by 
color  of  skin  and  texture  and  flavor  of  flesh. 

But  we  hqve  had  a  number  of  essential  changes  where  we  have  crossed  remotely 
connected  varieties  and  species.  Roman  Stem  on  the  Russian  Silken  Leaf  apple  has 
given  some  peculiar  changes  of  fruit.  • 

Next  year  I  will  report  more  carefully.  I  have  never  doubted  the  possibility  of  a 
change  of  fruits  in  this  way  since  I  crossed  the  Colfax  strawberry  twenty-five  years 
ago. 


William  G.  Comstock,  East  Hartford,  Conn.: 

In  all  my  experience*  and  I  have  been  a  practical  seed-grower  fifty  years,  I  have 
never  seen  any  mixture  in  the  fruit  the  first  year  from  cross-fertilization,  but  from 
seeds  of  the  crossed  specimens  planted  the  next  year  fruits  have  been  produced  in 
which  the  mixture  has  been  plainly  shown.  I  never  knew  a  melon  to  partake  of 
the  cucumber  flavor  or  to  show  any  spines.  The  smooth-stemmed  squashes,  like 
the  Boston  Marrow  and  Hubbard,  do  not  mix  with  the  rough  angular-stemmed  va¬ 
rieties  like  the  Crookneck,  nor  with  the  field  pumpkin. 


William  Darlington,  in  Ms  work  on  American  Weeds  and  Useful 
Plants,  p.  142,  says: 

When  growing  in  the  immediate  vicinity  of  squashes  the  fruit  of  this  species 
(Cucurbita  pepo,  Pumpkin)  is  liable  to  be  converted  into  a  hybrid  of  little  or  no 
value.  I  have  had  a  crop  of  pumpkins  totally  spoiled  by  inadvertently  planting 
squashes  among  them,  the  fruit  becoming  very  hard  and  warty,  unfit,  for  the  table 
and  unsafe  to  give  to  cattle. 


E.  S.  Earle,  Cobden,  Ilk,  writes: 

The  question  of  the  immediate  influence  of  cross-fertilization  is  an  important  one, 
and  I  am  glad  you  are  investigating  it.  I  think  there  is  no  question  that  the  fruit 
of  pistillate  varieties  of  strawberries  vanes  when  fertilized  by  different  staminate 
varieties,  but  I  have  always  suspected  that  the  more  abundant  pollen,  and  conse- 
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quent  more  perfect  pollination  afforded  by  some  varieties,  had  quite  as  much  to  do 
with  the  difference  in  the  result  as  any  true  effect  of  the  cross-fertilization.  Re¬ 
liable  experiments  are  badly  needed  on  this  subject,  but  I  am  sorry  to  say  I  have 
none  to  report.  Practical  fruit-growers  are  always  too  much  rushed  by  work  that 
can  not  be  put  off  to  conduct  experiments  with  the  care  necessary  to  give  them  sci¬ 
entific  value. 

D,  M.  Ferry  &  Go.,  Detroit,  Mich.: 

Concerning  the  effect  of  cross-fertilization,  we  would  sav  that  whatever  observa¬ 
tions  ,we  have  made  have  not  been  recorded  and  the  attending  circumstances  care¬ 
fully  enough  noted  to  make  them  of  any  value  from  a  scientific  point  of  view,  but 
they  have  been  extensive  enough  to  convince  us  that  very  often,  but  not  uniformly 
even  in  the  same  species  and  variety,  the  pollen  does  affect  the  developing  fruit. 

There  is  not  a  season  but  what  we  have  experiences  like  this:  A  certain  stock  of 
sweet  corn  is  divided  between  two  or  more  growers.  All  but  one  of  the  fields  grown 
from  that  are  perfectly  clear  of  any  trace  of  held  corn;  but  one  corners  on  a  field  of 
field  corn,  and  in  that  field,  and  very  markedly  on  the  side  nearest  the  field  corn,  we 
find  much  mixture  of  yellow  and  crossed  grains.  If  this  was  a  result  of  previous 
impregnation  why  should  it  show  itself  in  this  field  and  in  no  other  ? 

Similar  results  have  been  noticed  in  cucumbers,  squashes,  and  water-melons;  that 
is,  a  field  near  some  other  variety  will  have  a  greater  or  less  number  ot  melons 
which  are  clearly  crossed,  or  “off  type,”  but  other  fields  planted  from  the  same 
bag  and  not  near  other  fields  would  seem  perfectly  pure. 

Again,  in  1883  and  1884  we  made  a  large  number  of  crosses  between  different 
varieties  of  peas,  carefully  emasculating  the  blossoms  used,  and  had  quite  a  num¬ 
ber  of  pods  of  smooth  and  yellow-fruited  varieties  which  had  been  fertilized  by 
wrinkled  sorts  which  would  have  the  same  pod  peas  of  the  normal  type  and  color 
and  others  which  were  distinctly  and  very  clearly  wrinkled  and  of  a  green  color. 

Again,  in  the  pickings  from  our  crop  of  peas  and  beans  which  have  been  reported  as 
grown  too  near  other  sorts  we  see  a  marked  trace  of  the  neighboring  sort.  We  know 
it  is  claimed  by  some  that  peas  and  beans  are  self -fertilizing,  but  we  have  learned 
that  they  are  not  always  so,  to  our  cost.  We  are  sorry  we  can  not  give  you  more 
explicit  data,  but  have  done  what  we  could. 

E.  H.  Hart,  Federal  Point,  Fla.  : 

Among  oranges  the  influence  of  cross-fertilization  is  constantly  apparent.  I  have 
a  number  of  trees  of  an  imported  variety  of  the  orange  called  “  Long,”  the  fruit  of 
which  has  always  been  extremely  elongated.  The  row  next  to  these  was  budded 
several  years  ago  with  a  flat  or&nge  which  bloomed  and  set  fruit  for  the  first  time 
this  season.  The  pollen  of  these  flat  oranges  has  modified  the  long  oranges  next  to 
them  to  such  a  degree  that  the  latter  are  nearly  all  round,  and  some  of  them  flat¬ 
tened,  a  feature  never  before  observed. 

The  Navel  orange  is  one  of  the  most  potent  to  leave  its  marks  on  other  kinds  in 
its  vicinity. 

Peter  Henderson,  Hew  York  City,  N.  Y.  : 

We  have  cultivated  on  an  acre  of  ground  during  the  last  twenty  years  an  aver¬ 
age  of  thirty  varieties  of  strawberries,  running  side  by  side.  *  Among  these  varieties 
some  were  pistillate,  some  staminate,  and  some  having  perfect  flowers,  and  yet 
with  the  most  careful  observation  I  have  never  observed  the  slightest  variation  in 
the  fruit  from  such  a  mixture  of  varieties.  You  say  that  it  is  generally  believed  in 
Cucurbitacece  that  a  cross  affects  the  fruit  the  first  year,  I  have  incontrovertible 
evidence  that  it  does  not.  In  our  trial  grounds,  where  probably  fifty  different 
species  and  varieties  of  Cucurbitacece  are  planted,  so  that  we  can  examine  the  types, 
the  closest  observation  has  failed  to  show  us  a  single  instance  where  the  fruit  has 
been  changed  in  the  slightest  degree.  That  the  seeds  of  kinds  so  planted  become 
mixed  we  well  know,  but  the  fruit  proper  is  certainly  never  changed. 

R.  F.  Kolb,  Auburn,  Ala. : 

I  have  been  growing  melons  for  fifteen  years,  and  am  one  of  the  largest  growers 
in  the  South,  my  average  crop  being  over  200  acres.  There  is  never  any  evidence 
of  mixing  in  the  appearance  of  the  fruit  the  first  season,  provided  the  seeds  planted 
are  perfectly  pure  and  true  to  variety.  You  might  plan  t  two  or  more  varieties  of 
melons  near  each  other,  and  if  the  seeds  of  each  are  perfectly  pure  when  planted 
you  would  observe  no  mixing  the  first  year  in  the  appearance  of  the  fruit,  but  if 
the  seeds  of  either  variety  so  planted  were  again  planted  the  next  season  you  would 
find  among  the  crop  various  hybrids.  In  other  words,  the  mixing  goes  into  the  seed 
the  first  year,  but  does  not  show  itself  in  the  appearance  of  the  fruit. 
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Prof.  James  Troop,  Purdue  University,  La  Fayette,  Ind. : 

In  regard  to  the  immediate  effect  of  cross-fertilization  upon  the  friiit,  I  have  tried 
the  experiment  here  only  on  strawberries.  Two  years  ago  I  tried  it  on  several 
varieties,  among  them  Crescent  fertilized  by  Sharpless.  1  thought  then  that  the 
sharp  acid  flavor  of  the  Crescent  was  considerably  toned  down.  This  year  my  students 
tried  the  same  thing,  using  Crescent  for  the  female  and  Sharpless  pollen,  but  we 
could  not  discover  any  change  whatever  in  the  flavor,  size,  or  color. 

While  at  Lansing,  about  1881,  I  crossed  Northern  Spy  and  Golden  Russet  apples, 
crossing  both  ways,  but  the  Spys  were  Spys,  and  the  Russets  remained  the  same  as 
those  on  the  rest  of  the  tree. 

I  would  hesitate  to  give  an  opinion  either  way  until  I  have  made  further  tests. 
Hiram  Sibley  &  Co-.,  Chicago,  Ill.  (F.  A.  Warner): 

As  far  as  we  have  learned  from  information  from  our  best  growers  here  cross- 
fertilization  does  not  appear  during  the  first  year. 

The  writer  has  known  it  in  the  case  of  corn  not  to  appear  in  any  marked  degree 
until  the  second  year,  and  with  a  certain  knowledge  that  the  cross  was  made  during 
the  year  previous,  as  the  planting  of  the  seed  the  second  year  was  too  distant  to 
have  cross-fertilization  occur. 


CONCLUSION. 

Considering  all  the  testimony  given  above  the  writer  is  disposed 
to  think  that  the  evidence  is  still  insufficient  to  show  that  there  is  an 
observable  effect  of  a  cross  upon  the  ovary  or  fruit  the  first  year,  ex¬ 
cept  in  Indian  corn,  in  which  case  his  own  observation  will  not  permit 
him  to  doubt.  It  seems  most  reasonable  to  suppose  that  ordinary 
cases  of  apparent  cross,  observed  where  different  varieties  are  grown 
together,  are  due  to  admixture  of  a  previous  year.  It  is  admitted, 
however,  that  there  are  observations  which  can  not  be  explained  in 
this  way.  The  occasional  variations  in  the  appearance  of  apples  and 
other  fruits,  which  have  been  supposed  to  indicate  an  immediate  in¬ 
fluence  of  pollen,  have  not  been  proved  to  be  due  to  that  cause.  The 
argument  from  seedless  fruits,  which  is  sometimes  made,  seems  in¬ 
conclusive,  for  it  has  not  been  shown  that  fertilization  is  necessary 
to  their  production,  though  in  numbers  of  other  cases  it  has  been 
proved  that  without  fertilization  no  fruit  matures.  Even  if  true 
that  the  ovary,  or  even  a  larger  portion  of  the  plant,  may  be  caused 
to  develop  by  pollen  without  the  intervention  of  the  ovules,  it  re¬ 
quires  better  evidence  than  is  yet  offered  to  show  that  an  immediate 
change  in  its  character  will  result  from  the  use  of  pollen  of  a  different 
variety. 

SUGGESTIONS  FOR  FUTURE  EXPERIMENTS. 

For  those  who  may  wish  to  experiment  further  on  this  subject  the 
following  suggestions  are  appended:  • 

(1)  Select  varieties  which  you  have  reason  to  believe  will  readily 
cross. 

(2)  Select  such  as  by  their  difference  in  form  or  color  will  readily 
show  the  effect  of  a  cross  if  there  be  one. 

(3)  Use  every  precaution  to  prevent  self-fertilization.  To  this  end 
the  selection,  where  practicable,  of  plants  having  separate  sexes  is 
desirable. 

(4)  For  the  same  reason  cover  the  crossed  flowers  for  some  time 
before  and  after  fertilization  with  muslin  or  paper  sacks,  and  exer¬ 
cise  great  care  in  applying  the  pollen. 

(5)  Mark  plainly  and  securely  the  flowers  experimented  upon  that 
there  may  be  no  mistake  in  the  identity  of  the  specimens  when  mature. 
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(6)  Duplicate  the  experiments.  The  chances  of  failure  are  numer¬ 
ous,  and  there  is  continual  danger  of  the  loss  of  specimens  Up  to  the 
time  of  maturity.  Errors  of  observation,  and  the  liability  of  any 
observed  change  being  due  to  other  o arises j  are  also  greatly  lessened 
by  the  Multiplicity  of  specimens. 
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SECONDARY  RESULTS'  OF  POLLINATION. 


By  E.  W.  Claypole,  Akron ,  Ohio. 

m  [The  following  paper  was  read  before  the  Botanical  Club  of  the  American  Asso¬ 
ciation  for  the  Advancement  of  Science  at  the  New  York  meeting,  August,  1881. 
It  has  not  heretofore  been  published,  and  has  been  secured  for  this  report  mainly  for 
its  bearing  on  the  topib  of  the  preceding  paper.  ] 


The  functions  of  the  pollen  and  of  the  ovule,  respectively,  in  the 
production  of  seed  are  so  well  established  by  observation  that  there 
is  no  occasion  to .  say  anything  in  explanation.  The  growth  of  the 
pollen  tube  and  its  elongation  and  penetration  of  the  conductive  tis¬ 
sue  of  the  style  may  he  seen  in  certain  flowers  by  any  tyro  of  the  mi¬ 
croscope.  The  passage  of  the  fovilla,  or  fertilizing  material,  down 
the  pollen  tube  to  the  micropyle,  its  entrance,  and  its  union  with  the 
protoplastic  material  of  the  ovule,  are  fundamental  truths  in  vegeta¬ 
ble  physiology,  though  our  faith  in  most  cases  rests  rather  on  testi- 
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mony  than  on  observation.  The  subsequent  changes  that  result  from 
the  union,  the  sudden  stimulus  given  to  cell  multiplication,  the 
rapid  enlargement  of  the  ovary,  and  the  development  and  ripening 
of  the  ovules  into  seeds,  are  edsily  seen  and  are  familiar  to  every  one. 
However  mysterious,  this  is  the  ordinary  process  of  nature,  and  is  in 
accord  with  the  elementary  principles  of  botany. 

But  in  some  cases  things  do  not  happen  in  this  ordinary  Way,  or  just 
as  our  text-books  say  they  should  happen,  and  then  there  comes  in  a 
little  difficulty  in  explaining  how  the  results  are  accomplished. 

Seeing,  as  we  constantly  do,  the  close  connection  between  the  fertili¬ 
zation  of  the  ovule  and  the  growth  and  maturation  of  the  fruit,  we 
are  naturally  led  to  the  almost  unconscious  belief  that  one  of  these 
events  is  the  consequence  of  the  other,  that  the  growth  of  the  fruit 
is  a  consequence  of  the  growth  of  the  seed.  And  when  we  observe  the 
countless  cases  in  which  the  failure  of  the  ovule  is  followed  by  the  fall 
of  the  young  fruit  the  unconscious  belief  becomes  almost  irresistible. 
A  shower  of  tain  washes  away  the  pollen  and  Our  apple  crop  fails  in 
consequence.  The  young  fruit  does  not  sWelh  but  shrinks  and  falls. 
This  happens  so  often  and  in  so  many  plants  that  we  cease  to  expect 
fruit  where  there  is  no  seed. 

Yet  there' are  some  facts  that  at  least  tend  to  show  that  the  connec¬ 
tion  between  the  seed  and  the  fruit  is  less  close  than  we  sometimes  as¬ 
sume.  Some  of  these  also  lead  us  to  believe  that  the  fertilizing  in¬ 
fluence  of  the  pollen  is  not  confined  to  the  ovule. 

As  the  first  example  of  these  secondary  results,  I  will  mention  the 
obvious,  but  seldom  noted,  fact  that  the  ovary  can  be  developed  and 
matured  without  the  presence  of  the  seed.  This  apparently  proves 
that  the  swelling  of  the  ovary  is  independent  of  the  development  and 
ripening  of  the  ovule.  It  may  be  due  to  the  direct  action  of  the  pol¬ 
len  on  the  ovarian  tissue,  but  even  this  does  not  seem  in  all  cases  to  be 
necessary. 

As  an  illustration  of  this  statement  I  will  quote  the  Banana,  which, 
as  is  well  known,  never  bears  any  seeds  at  all.  The  fruit  is  solely 
the  swollen  and  matured  ovary,  in  which  numerous  abortive  ovules 
may  usually  be  seen. 

The  St.  Michaela  orange  is  another  case  in  point.  Though  small, 
this  variety  is  accounted  the  best  of  the  many  kinds  cultivated  in 
Europe,  as  it  seldom  contains  a  single  pip.  It  has  apparently  been 
introduced  into  this  country,  as  I  have  recently  seen  some  oranges 
that  were  said  to  have  coine  from  Florida  which,  by  the  absence  of 
seeds,  formed  a  pleasant  contrast  to  the  usual  seediness  of  the  Florida 
fruit.  (This  variety  is  now  grown  in  Florida  and  California.) 

Again,  our  cominon  Pefsilnmoii  is  sometimes  entirely  seedless. 
Once  in  Pennsylvania  I  met  With  a  whole  grove  o!  these  trees,  in 
which  a  seed-bearing  fruit  was  the  exception.  The  garden  Radish 
also  will  often  develop  its  pods  without  any  seed.  Any  one,  too, 
who  will  take  the  trouble  to  examine  the  fruits  of  the  common  Ma¬ 
ple  will  soon  learn  that  a  large  proportion  of  them  contain  no  seed, 
but  are  simply  hollow  shells. 

The  well-known  Sultana  raisins  sold  in  our  stored  owe  the  esteem 
in  which  they  are  held  to  the  total  absence  of  seeds,  diid  the  high¬ 
bred  European  Malaga  grape  is  found  almost  as  often  without  seeds 
as  with  them. 

Less  noticeable,  but  equally  true  and  apposite,,  are  the  numerous 
instances,  familiar  to  every  Careful  observer,  of  cherries,  plums,  and 
peaches  whose  stones  contain  no  kernels.  All  these  facts  abundantly 
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prove  that  the  development  of  the  embryo  into  a  seed  is  not  abso¬ 
lutely  necessary,  at  least  in  these  plants,  for  the  full  growth  of  the 
ovary  into  a  fruit. 

We  may  go  yet  further.  The  above-noted  cases  may  be  explained 
by  the  action  of  the  pollen,  not  on  the  ovule,  but  on  the  tissue  of  the 
ovary  itself.  It  may  be  said  that  the  stimulation  of  cell  growth, 
which  is  usually  supposed  to  start  with  the  ovule,  was  in  all  cases 
felt  directly  by  the  ovary.  Be  this  as  it  may,  we  are  compelled  by 
these  facts  to  admit  that  the  effects  of  pollination  are  not  limited  to 
the  ovule,  but  extend  also  to  the  ovary,  even  when  the  ovule  is  absent 
or  abortive. 

But  the  case  of  the  apple  and  the  pear  shows  a  difference.  Here, 
though  the  pips  usually  develop,  the  effect  of  the  pollen  extends  be¬ 
yond  them.  As  before,  it  affects  the  ovary,  but  does  not  stop  there. 
The  calyx  is  involved,  and,  according  to  the  views  of  some,  the  flower- 
stalks  also.  The  effects  of  the  pollen  are  therefore  in  this  fruit  felt 
by  the  ovule,  the  ovary,  the  calyx,  and  possibly  by  the  flower-stalk. 

What  is  true  of  the  apple  is  also  true  of  the  pear,  the  quince,  the 
medlar,  the  hawthorne,  and  many  other  plants  of  the  Rose  family. 
Their  fruit  is  constructed  on  the  same  pattern,  and  the  action  of  the 
pollen  in  all  such  cases  must  therefore  be  equally  extensive. 

But  we  may  go  even  beyond  this.  We  have  all  seen  apples  that 
contained  no  pips  and  yet  were  fully  grown  and  showed  all  the 
characters  of  the  variety.  In  these  cases,  as  in  those  of  the  seedless 
orange,  the  banana,  etc.,  the  fertilizing  effect  of  the  pollen  must 
have  been  directly  exerted  on  the  ovary  without  the  intervention  of 
the  ovule. 

A  similar  case  is  presented  by  a  mulberry  tree  belonging  to  a 
friend  of  the  writer.  It  is  of  the  pistillate  kind  and  is  annually 
laden  with  fine  fruit,  though  no  staminate  tree  grows  in  the  neigh¬ 
borhood  and  no  staminate  flowers  can  be  found  on  the  tree  itself. 
Examination  of  the  fruit  also  shows  that  the  seeming  seeds  are 
merely  shells  without  embryos.  To  assume  that  no  pollen  was  con¬ 
cerned  in  the  production  of  this  fruit  would  be  going  too  far,  but  it 
does  seem  the  influence  of  the  pollen,  if  present,  must  have  been  ex¬ 
erted  directly  on  the  ovary  without  the  assistance  of  the  ovule. 

Further  still,  we  now  and  then  find  an  apple  or  a  pear  which  con¬ 
tains  no  pip,  but  also  no  core,  so  that  the  very  ovary  itself  is  lack¬ 
ing.  Yet  such  apples  often  grow  to  the  usual  size  and  if  not  always 
well  flavored  are  nevertheless  true  fruits.  This  is  usually  the  case 
when  the  tree  has  flowered  out  of  season.  A  horticultural  friend  of 
mine  has  informed  me  that  in  the  year  1832,  when  he  was  a  boy,  a 
late  frost  killed  the  apples,  and  that  in  the  fall  out  of  a  peck  or  so  of 
wretched  fruit,  which  was  all  that  the  orchard  produced,  not  a  single 
one  had  a  pip  or  a  core. 

The  following  extract  from  a  letter  published  in  Nature  on  Novem¬ 
ber  4,  1886,  bears  on  the  same  point.  In  it  Dr.  Maxwell  Masters, 
the  editor  of  the  Gardener’s  Chronicle,  says: 

The  second  crop  of  blossoms  in  pear  trees  is  usually  produced  on  shoots  of  the 
same  year  and  they  are  often  imperfect.  The  Napoleon  produces  some  every  year. 
Every  year,  too,  I  receive  from  the  Trinity  Botanical  Garden,  at  Dublin,  Bishop’s 
Thumb  pears  on  the  summer  shoots.  They  are  more  like  fingers  than  “thumbs  ”  and 
have  no  core.  The  fruit  is  eatable,  but  the  carpels  are  absent. 

TV  e  have  here,  apparently,  a  case  of  the  direct  action  of  the  pollen 
on  the  calyx  of  the  flower,  perhaps  through  the  medium  of  a  rudi¬ 
mentary  stigma  and  ovary,  which  were  afterwards  atrophied. 
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Euchl/ena  luxurians  (Teosinte). 

1.  Male  flowers.  2.  Female  flowers  inclosed  in  sheath. 


3.  Seeds. 


Plate  II 
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Eurotia  lanata  (White  Sage) 
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Plate  111 


Opuntia  Engelmannl 
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Onobrychis  sativa  (Sainfoin,  Esparset). 

1,  2,  3,  4,  Parts  of  the  flower.  5.  The  pod.  6,  7.  The  seed. 
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Plate  V 


Trifolium  hybridum  (Alsike  Clover). 
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PORTULACA  OLERACEA  (PURSLANE). 

1.  Longitudinal  section  of  flower.  2  to  6.  Ovary,  seed,  etc.,  magnified 


Plate  VIi 
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ASCLEPIAS  CORNUTI  (MlLKWEEDT 
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Ranunculus  sceleratus  (Cursed  Crowfoot). 
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Plate  fix 
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Plate  X 


Hypericum  perforatum  (St.  John’s  Wort). 


I 


Plate  XI 
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Daucus  carot  <  (Wild  Carrot). 


Report  of  the  Botanist,  U.  S.  Department  of  Agriculture,  1887. 


Plate  XM I 


CVPERUS  ROTUNDUS  (NUT-GRASS,  COCO). 
2.  A  string  of  tubers.  3.  A  flower,  magnified. 
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CouJincj del. 


Trifolium  incarnatum. 


Plate  XV, 
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Berberis  vulgaris  (Barberry), 


Plate  XVI 
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Atriplex  confertifolia  (White  Sage). 

1.  Female  plant.  2.  Male  plant.  3.  Male  flower.  4.  Ovary  and  styles. 


Artemisia  frigida  (Silvery  Wormwood) 
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In  not  a  few  fruits,  so-called,  the  action  of  the  pollen  goes,  seem¬ 
ingly,  farther  still.  In  the  Strawberry  is  involved  the  receptacle, 
and  the  same  is  true  to  a  less  degree  of  the  Blackberry  and  the  Rasp¬ 
berry.  The  caly£  grows  with  the  growth  of  the  seed  in  the  Hazel- 
nut,  the  Chestnut,  the  Hickories,  and  the  Walnuts  ;  also,  in  the  lit¬ 
tle  Partridge-berry,  the  Blue-berry,  and  the  Huckleberry.  The  head 
of  the  flowering  stem  swells  and  sweetens  and  becomes  the  chief  part 
of  the  Fig,  and  the  bracts  that  inclose  the  flower  and  seeds  com¬ 
pose  the  so-called  fruit  of  the  Pine-apple. 

Where,  then,  shall  we  limit  the  action  of  the  fertilizing  element  of 
the  pollen  ?  X  am  inclined  to  believe  that  it  really  has  no  limit,  but 
that  it  is  capable  of  extending  through  the  whole  plant. 

Two  facts  in  support  of  this  opinion  must  here  suffice.  Most  gar¬ 
deners  know  that  Pansies  can  not  be  well  kept  true  to  color  when 
grown  together  in  a  bed  for  years  in  succession.  Hot  only  the  seed¬ 
lings,  as  might  be  expected,  but  the  parent  roots  are  apparently 
influenced  by  receiving  each  other’s  pollen  and  their  colors  thereby 
changed.  The  same  is  true  of  some  other  garden  flowers.  A  friend 
of  mine,  who  is  largely  engaged  in  growing  the  Gladiolus,  has  told 
me  that  for  years  he  grew  the  “Shakespeare,”  a  white  variety,  by 
itself,  and  year  after  year  it  remained  true  to  color.  But  when  for 
some  reason  he  planted  it  one  year  near  red  varieties,  the  next  year 
the  same  bulbs  threw  up  stems  that  produced  flowers  that  were 
partially  red.  Hor  while  they  grew  together  could  he  again  obtain 
perfectly  white  flowers. 

These  and  other  examples  that  might  have  been  mentioned 
strongly  indicate  change  in  the  parent  plant,  more  extensive  than 
those  involved  in  the  mere  production  of  seed,  or  even  of  seed  and 
fruit.  They  suggest  a  constitutional  modification  of  varying  and 
sometimes  of  wide  range,  involving  other  organs  than  those  directly 
concerned  in  fructification,  and  enduring  for  years  after  the  imme¬ 
diate  cause  has  ceased  to  act.  It  seems  far  from  improbable  that  a 
single  act  of  fertilization  may,  in  some  cases,  so  change  the  nature 
of  the  parent  plant  that  it  may  not  again,  throughout  its  whole  life, 
be  what  it  had  previously  been.  Some  of  the  occult  variations  that 
occur  among  plants  may  have  their  cause  in  the  potent  influence  of 
pollen  on  the  constitution  of  the  parent. 

The  other  kingdom  of  animated  nature  supplies  facts  that  lend 
strong  support  to  the  view  above  stated.  Without  going  into  detail, 
it  will  suffice  to  say  that  the  influence  of  the  male  animal  is  often 
permanent,  and  that  young,  subsequently  produced,  will  show  traces 
of  it. 

The  influence  of  a  quagga  on  a  mare  has  been  known  to  reveal  it¬ 
self  years  afterward  by  the  production  of  a  colt  showing  in  several 
places  the  stripes  of  his  stepfather.  Darwin  has  collected  several 
such  cases,  and  many  more  might,  without  doubt,  be  brought  to¬ 
gether  by  a  little  investigation  among  men  engaged  in  the  breeding 
of  animals.  The  subject,  however,  especially  with  regard  to  plants, 
has  not  received  the  attention  which  its  importance  deserves. 
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REPORT  OF  THE  SECTION  OF  VEGETABLE  PATHOLOGY. 


Sir:  I  have  the  honor  to  present  herewith  my  first  annual  report 
as  chief  of  the  Section  of  Vegetable  Pathology,  being  the  second  re¬ 
port  of  the  section  of  the  Botanical  Division  devoted  to  the  investi¬ 
gation  of  the  fungus  diseases  of  plants. 

The  constantly  increasing  correspondence  has  occupied  much  time 
and  has  been  an  important  means  of  diffusing  knowledge  relative 
to  plant  diseases  and  the  relations  of  our  fungus  pests  to  agriculture. 

The  collections  of  material  illustrating  the  families  of  fungi  have 
been  considerably  increased  during  the  year  and  the  specimens  have 
been  properly  arranged  for  ready  reference.  There  are  now  in  the 
collection  5,572  sheets,  standard  herbarium  size,  on  which  are 
mounted  9,300  labeled  specimens,  in  3,000  pockets  of  uniform  size, 
6-j-  by  3f  inches;  there  are  an  equal  number  of  specimens,  largely 
duplicates  of  those  mounted,  arranged  in  order  by  host,  constituting 
what  we  term  the  economic  collection. 

Permanent  mounts  of  microscopical  preparations,  to  the  number 
of  about  500,  have  been  made  of  material  under  investigation  during 
the  year.  The  series  of  slides  illustrating  the  downy  mildew,  the 
grape-rot  producing  fungi,  and  the  smuts  and  rusts  of  grains  and 
grasses  are  particularly  full.  Thanks  are  due  to  Mr.  W.  W.  Calkins 
for  a  large  and  well-prepared  collection  of  Florida  fungi,  and  to 
Prof.  S.  M.  Tracy  for  a  particularly  interesting  collection  of  Western 
species.  A  collection  of  European  fungi  of  the  vine  has-been  pre¬ 
sented  by  Prof.  P.  Viala.  This  is  particularly  valuable  as  illustrat¬ 
ing  the  species  described  in  Professor  Viala’s  work,  “  Les  Maladies  de 
la  Vigne.” 

Many  valuable  specimens  have  been  acquired  through  correspond¬ 
ents  who  have  submitted  them  for  examination,  affording  valuable 
material  for  future  investigations. 

L — Notes  on  the  diseases  of  the  vine. 

The  study  of  the  fungus  diseases  of  the  vine  has  been  continued, 
particular  attention  being  given  to  the  subject  of  the  treatment  of 
mildew  and  black-rot.  A  detailed  account  of  the  work  of  the  Section 
in  this  direction  has  been  published  in  a  special  bulletin. 

Throughout  the  Atlantic  and  Southern  States  tLe  season  of  growth 
was  generally  wet  and  the  weather  such  as  to  promote  the  develop¬ 
ment  of  fungi.  From  western  New  York  through  Ohio,  Indiana, 
Michigan,  Wisconsin,  Illinois,  and  Missouri  a  long-continued  drought- 
prevailed,  preventing  the  development  of  destructive  plant  parasites, 
and  from  this  section  there  have  been  very  few  complaints  of  the 
ravages  of  fungi. 
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The  downy  mildew,  black -rot,  and  anthracnose  were  especially 
prevalent,  the  two  first  named  causing  serious  injury  to  the  vines  or 
kreat  losses  in  the  crops  in  New  Jersey,  Maryland,  Virginia,  North 
Carolina,  and  in  the  States  south  and  west  from  the  latter  point. 
In  California  the  ravages  occasioned  by  o'idium  and  downy  mildew 
have  been  slight,  and  it  has  been  discovered  that  the  latter  disease 
is  at  present  limited  to  a  few  restricted  areas  in  that  State.  There 
is  no  evidence  that  the  black-rot,  so  destructive  in  Eastern  vineyards, 
has  yet  appeared  on  the  Pacific  slope. 

Pourridie  or  grape  root-rot  has  been  discovered  at  several  points — 
Missouri,  Texas,  and  California— and  its  range  will  doubtless  be  ex¬ 
tended  by  further  observation. 

As  a  result  of  field  investigations  two  new  forms  of  grape-rot  have 
been  discovered— bitter-rot  and  white-rot.  The  former  is  the  most 
widely  distributed,  having  been  observed  in  the  States  in  the  East  and 
as  far  west  as  Texas.  The  latter  has  been  seen  only  in  the  extreme 
southwestern  part  of  Missouri  and  adjacent  parts  of  Indian  Terri¬ 
tory. 

A. — Bitier -rot  of  grapes  A 

Although  this  disease  appears  to  have  been  known  to  our  viticult¬ 
urists  for  several  years,  its  cause  was  only  recently  determined.  In 
company  with  Professor  Viala,  of  the  National  School  of  Agriculture 
of  Montpellier,  France,  I  observed  the  disease  for  the  first  time  in  the 
vineyard  of  Hon.  Wharton  J.  Green,  at  Fayetteville,  N.  C.  From 
the  studies  there  made,  and  from  subsequent  laboratory  investiga¬ 
tions,  the  characters  of  the  parasite  causing  the  malady  were  deter¬ 
mined  and  were  made  the  subject  of  a  communication  to  the  French 
Academy  of  Sciences. 

It  appears  that  the  fungus  is  both  saprophytic  and  parasitic  in  its 
habits  and  occasions  very  considerable  destruction  of  the  fruit,  es¬ 
pecially  of  certain  white  varieties,  the  Martha  for  example. . 

That  which  especially  characterizes  this  disease  in  distinction  from 
the  black-rot  is  that  it  begins  its  ravages  at  the  time  when  the  berries 
commence  to  ripen,  and  continues  until  their  perfect  maturity.  Ex¬ 
cessive  humidity  is  even  more  essential  to  its  development  than  to 
that  of  the  Physalospora.  The  importance  of  this  malady  is  evident, 
for,  under  favoring  conditions,  it  may  destroy  the  fruit  that  has  es¬ 
caped  the  ravages  of  black-rot.  The  fungus  attacks  the  skoots,  the 
common  peduncle  of  the  bunches  and  its  ramifications,  but  it  is  upon 
the  berries  that  its  action  is  most  conspicuous.  A  rosy  discoloration, 
brighter  on  varieties  with  white  fruits  than  on  dark  colored  sorts,  is 
the  first  manifestation  of  the  disease.  This  discoloration  extends 
rapidly  by  concentric  zones  until  the  whole  berry  is  involved,  the 
berries,  however,  retaining  their  original  contour,  or  only  appearing 
to  be  slightly  wilted,  and  becoming  even  more  juicy  than  is  normal. 
Soon  numerous  small,  slightly  elevated  points  appear  over  the  surface, 
and  in  two  or  three  days  these  little  elevations,  which  are  the  points 
where  the  fungus  is  maturing  its  fruit,  have  completed  their  devel¬ 
opment.  The  berry  then  becomes  shriveled,  as  in  the  case  of  black- 
rot,  but  in  a  different  fashion.  The  berry  remains  clear  brown  or 
deep  purple  in  color,  never  becoming  so  black  as  in  black -rot,  and 

*  Accounts  of  this  disease  have  been  published  in  Comptes  Rendus,  Sept,  12, 1887; 
Agricultural  Science,  vol.  I,  p.  210;  Colman’s  Rural  World,  Oct.  13, 188?;  Proceed¬ 
ings  New  Jersey  Horticultural  Society  for  1887.  p.  114> 
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the  pustules  which  stud  the  surface  are  less  numerous  and  less  con¬ 
vex.  In  advanced  stages  the  berries  lose  their  hold  upon  the  pedi¬ 
cels  and  fall  to  the  ground  at  the  slightest  jar.  Those  destroyed  by 
black-rot  usually  remain  strongly  adherent  and  generally  fall  with 
their  pedicels  attached. 


Fig.  1.  Illustrates  a  highly  magnified  vertical  section  through  one  of  the 
fruiting  pustules  of  the  fungus  of  Bitter-rot.  A  compact  growth  of 
spore-bearing  hyphee  has  burst  through  the  epidermis,  c,  c.  Below 
is  the  browned  and  dead  tissue  of  the  berry,  d ,  d,  growing  through 
which  are  the  mycelial  threads  of  the  fungus. 


tLOjU- 


Fig.  2.  Spores  of  Bitter- 
rot,  B,  and  White-rot, 

W. 


The  mycelium  of  the  fungus  of  bitter-rot  penetrates  the  tissues  of 
the  berries,  even  entering  the  seeds,  for  upon  the  latter  it  is  not  un¬ 
common  to  find  the  fruit  of  the  parasite. 

The  spores  produced  are  very  minute,  ovoid  or  navicular-form,  and 
have  rather  thick  walls.  They  germinate  quickly  when  sown  in 
aerated  juice  of  grapes  diluted  with  water. 

Bitter-rot  is  most  to  be  feared  when  frequent  rains  occur  during 
the  ripening  period,  but,  like  other  fungus  diseases  of  this  class,  it  is 
sure  to  be  most  severe  in  poorly  drained  soils  and  on  vines  previously 
weakened  by  milde  w. 


B. — White-rot. 

This  disease  appears  to  be  of  American  origin,  although  the  fungus 
causing  it  was  first  recognized  in  Italy,  in  1878.  In  1886  it  was  dis¬ 
covered  in  France,  and  during  the  past  season  (1887)  has  become 
widely  spread  in  the  latter  country,  occasioning  no  little  alarm. 
Frequent  accounts  of  it  have  been  published  in  French  and  Italian 
journals,  the  most  complete  and  best  illustrated  being  that  given  by 
Dr.  F.  Cavara.* 

Since  its  discovery  in  this  country,  in  September  of  the  present 
year,  it  has  been  described  by  the  writer  in  Colman’s  Rural  World, 
October  27,  1887;  and  in  the  proceedings  of  the  New  Jersey  Horti¬ 
cultural  Society  for  1887,  p.  139. 

*  Intorno  al  Disseccamento  dei  Grappoli  della  Vite.  Institute)  Botanico  della  R. 
Universita  di  Pavia,  1888,  p.  11,  PI.  IV*. 
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The  mycelium  of  the  fungus  (Coniothyriurn  diplodiella)  is  found 
to  he  abundant  in  the  pulp  of  the  berries  attacked,  and  it  sometimes 
fruits  upon  the  surface  of  the  seeds.  Generally,  the  fungus  first 
attacks  the  common  peduncle  or  branches  of  the  cluster  and,  by  in¬ 
terrupting  the  circulation  of  the  nourishing  fluids,  causes  the  ber¬ 
ries  to  wither  and  dry  up.  In  such  cases  the  berries  may  or  may  not 
be  directly  attacked.  Infection  of  the  peduncle  or  pedicels  with 
germinating  spores  is  easily  effected,  but  attempts  to  infect  the  ber¬ 
ries  have  so  far  failed. 


Fig.  3.  A  vertical  section  through  one  of  the  fruiting  pustules — pycnidia — of  the  fungus  of 'White-rot. 
c  c,  cuticle  of  the  berry  that  has  been  broken  through  by  the  development  of  the  fungus,  d  d, 
browned  and  dry  tissue  of  the  berry.  The  simple  spores  are  borne  on  slender  stalks  arising  from  a 
layer  of  very  delicate  tissue  at  the  bottom  of  the  pycnidium. 


Like  the  black-rot  fungus,  this  produces  minute  pycnidia  or  spore 
concaptacles,  which  appear  at  the  moment  when  the  berrie-  com¬ 
mence  to  ripen.  These  lie  just  beneath  the  cuticle,  through  which 
they  finally  burst,  first  appearing  as  shining,  rosy  points,  then  white, 
and  finally  brown.  When  fully  developed,  the  pycnidia  are  sur¬ 
rounded  by  a  thin  membrane  of  a  rather  dark  brown  color.  The 
ovoid  spores  are  borne  upon  slender  stalks  or  basidia,  either  simple  or 
branched,  which  spring  from  a  layer  of  very  delicate  tissue  occupy¬ 
ing  the  lower  part  of  the  pycnidium.  They  are  at  first  colorless,  but 
eventually  assume  a  brown  tint.  At  a  temperature  of  65°  they  germ¬ 
inate  readily  in  water,  pushing  out  germ-tubes  from  any  part  of 
their  surface. 

No  remedy  is  known  for  white-rot,  but  it  has  been  observed  here, 
and  very  generally  in  France,  that  where  the  vineyards  have  been 
treated  with  eau  celeste  or  the  Bordeaux  mixture  the  disease  was  tax¬ 
less  prevalent  than  in  similarly  located  vineyards  not  treated. 

C.' — Grape-leaf  spot  disease  and  black-rot. 

.  Bulletin  2  of  the  Botanical  Division,  page  40,  Grape-leaf  spot 
disease  was  treated  as  distinct  from  black -rot,  for  the  writer  at  that, 
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time  was  not  convinced  of  their  identity,  although  the  close  similar¬ 
ity  of  the  pycnidial  spores  of  Phyllosticta  labruscce  with  those  of 
Phoma  uvicola  was,  of  course,  observed. 

Special  ottentipn  has  been  directed  to  this  subject  during  the  past 
summer,  and,  as  the  result  of  extended  field  observations,  I  have  been 
forced  to  conclude  that  the  grape-leaf  spot  fungus  and  the  fungus  of 
black-rot  of  grapes  is  one  and  the  same.  In  France  the  Phyllosticta 
labruscce  has  been  observed  only  in  those  vineyards  affected  with 
black-rot,  and  the  same  holds  true  for  the  United  States.  Wherever 
the  Phyllosticta  occurs  it  is  in  regions  where  black-rot  prevails.  In 
California,  where  the  latter  disease  has  not  yet  appeared,  no  signs  of 
the  fungus  upon  the  leaves  of  the  vines  was  discovered. 

The  brown  spots  upon  the  leaves  figured  and  described  in  my  re¬ 
port  on  the  Fungus  Diseases  of  the  Vine  *  must,  then,  be  regarded  as 
simply  the  manifestation  of  the  black-rot  on  the  foliage. 

The  fact  of  the  identity  of  the  leaf  form  with  that  occurring  upon 
the  berries  is  especially  important  in  connection  with  the  question  of 
treatment,  for  black-rot,  like  the  downy  mildew,  must  be  treated 
preventively.  As  a  rule,  the  black-rot  fungus  first  attacks  the  leaves 
some  days  and  often  a  week  or  two  before  the  berries  are  affected. 
It  may  sometimes  be  observed  on  tlie  foliage  even  before  the  vines 
have  bloomed. 

By  watching  the  foliage  the  vineyardist  may  be  warned  of  the 
presence  of  this  dreaded  parasite  in  good  season,  and  upon  the  first 
signs  of  its  manifestations  upon  the  leaves  he  ought  to  begin  the  ap¬ 
plication  of  remedies  or  preventives  in  order  to  protect  the  fruit. 
Evidence  is  accumulating  that  the  sulphate  of  copper  compounds 
possess  some  value  in  checking  this  disease.  W e  have  been  assured 
by  some  experimenters  that  there  was  a  very  decided  improvement 
in  respect  to  black-rot  in  vineyards  treated  with  these  preparations 
compared  with  those  not  treated.  In  France,  also,  similar  results 
have  been  reported.  M.  Prillieux,  in  a  communication  addressed  to 
the  French  minister  of  agriculture,  says  : 

It  seems  that  treatments  wifli  the  salts  of  copper  wifi  very  economically  replace 
the  difficult  and  costly  method  of  collecting  and  destroying  the  leaves  affected  by 
black-rot.  M.  Frechou  has  been  assured  by  his  laboratory  experiments,  carried 
on  at  Nerac,  the  results  of  which  will  finally  be  made  public,  that  the  slightest 
trace  of  sulphate  of  copper  is  sufficient  to  render  impossible  the  germination  of  the 
spores  of  Phoma  uvicola  as  well  as  those  of  Peronospora ,  and  on  the  other  side,  the 
slight  injury  caused  by  black-rot  in  the  valley  of  Herault  upon  vines  treated  byeau 
celeste  or  Bordeaux  mixture  for  the  downy  mildew  ought  to  afford  some  hopes  of 
success  in  preventing  the  appearance  of  black-rot  upon  the  berries  and  its  disas¬ 
trous  consequences,  by  destroying  it  at  its  first  appearance  upon  the  leaves  by  means 
of  the  same  remedies,  the  efficacy  of  which  is  recognized  for  combating  the  downy 
mildew.  It  is  possible  therefore,  without  increase  of  labor,  to  protect  the  vines  from 
both  diseases  by  the  same  treatment. 

The  hopes  that  by  a  proper  use  of  sulphate  of  copper  compounds 
we  may  find  a  successful  treatment  for  black-rot  certainly  justify 
further  careful  experiments  in  their  use. 


*  Bull.  2,  Bot.  Division,  p.  40,  Plate  VII,  figs,  c,  d,  e. 
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II. — Notes  upon  the  treatment  of  vine  diseases. 

The  preparations  considered  most  likely  to  prove  valuable  as  rem¬ 
edies  in  the  treatment  of  mildew  and  black-rot  we^e  published  last 
spring  (1887)  in  the  following  circular  form: 

[Section  of  Vegetable  Pathology.— Circular  No.  §.] 

Treatment  of  the  downy  mildew  and  black-rot  of  the  grape. 

To  the  vineyardists  of  the  country: 

Last  year  a  circular  was  sent  out  by  this  Department  recommending  for  trial  cer¬ 
tain  remedies  for  the  mildew  and  rot  of  the  grape. 

The  results  of  experiments  in  1888  have  fully  demonstrated  the  value  of  sulphate 
of  copper  (“blue-stone”)  over  all  other  remedies  in  combating  the  mildew,  and  the 
results  of  many  chemical  analyses  of  the  fruit  and  parts  of  vines  treated  with  the 
copper  compounds  have  clearly  shown  that  there  is  no  danger  to  health  attending 
their  application.  The  only  precaution  advised  is  not  to  apply  them  near  (within 
fifteen  days  of)  the  vintage. 

In  their  employment  the  fact  must  be  kept  in  mind  that  their  action  is  only  pre¬ 
ventive,  therefore  their  application  should  be  made  early  in  the  season,  from  the 
latter  part  of  May  to  the  end  of  June.  Subsequent  applications  act  only  in  so  far 
as  they  serve  to  check  the  spread  of  the  disease.  The  amount  of  the  ‘fluid  com¬ 
pounds  required  to  treat  an  acre  of  vines  will  depend  largely  upon  the  kind  of  pump 
and  spraying  nozzle  used  to  apply  them,  and  upon  the  extent  of  growth  of  the 
vines  themselves;  the  amount  may  vary  from  20  to  85  gallons. 

The  following  are  the  formulas  of  the  remedies  which  so  far  have  given  the  best 
results.  An  account  of  the  results  of  trials  you  may  make  with  one  or  more  of 
them  is  earnestly  desired,  and  a  blank  form  for  making  up  a  report  for  the  use  of 
the  Department  in  future  publications  will  be  sent  you  upon  the  receipt  of  the  ad¬ 
dressed  postal  card  inclosed  herewith. 


LIQUID  REMEDIES. 

(1)  Simple  solution  of  sulphate  of  copper. — Dissolve  1  pound  of  pure  Sulphate  of 
copper  in  25  gallons  of  water.  Spray  the  vines  with  a  convenient  force-pump  hav¬ 
ing  a  nozzle  of  fine  aperture.  Less  lasting  in  its  effect  than  the  next,  as  it  Is  easily 
washed  off  by  rains. 

(2)  Eau  celeste,  blue  water  (the  “Audoynaud  process”). — Dissolve  1  pound  of  sul¬ 
phate  of  copper  in  3  or  4  gallons  of  warm  water;  when  completely  dissolved  and  the 
water  has  cooled,  add  1  pint  of  commercial  ammonia;  then  dilute  to  22  gallons. 
The  concentrated  liquid  should  be  kept  in  a  keg  or  some  wooden  vessel  and  diluted 
Whkn  re(luired  f°r  use.  Apply  the  same  as  in  the  case  of  simple  solutions. 

ihe  effects  obtained  by  this  preparation  have  been  equal  to  those  resulting  from 
the  use  of  the  copper  mixture  of  Gironde,  and  are  said  to  be  even  more  lasting. 

(3)  Copper  mixture  of  Gironde,  Bordeaux  mixture. — Dissolve  16  pounds  of  sulphate 
of  copper  in  22  gallons  of  water;  in  another  vessel  slake  30  pounds  of  lime  in  6  gal¬ 
lons  of  water.  When  the  latter  mixture  has  cooled,  it  is  slowly  poured  into  the 
copper  solution,  care  being  taken  to  mix  the  fluids  thoroughly  by  constant  stirring. 
It  is  well  to  have  this  compound  prepared  some  days  before  it  is  required  for  use. 
It  should  be  well  stirred  before  applying.  Some  have  reduced  the  ingredients  to  2 
pounds  of  sulphate  of  copper  and  2  pounds  of  lime  to  gallons  of  water,  and  have 
obtained  good  results. 

Well  made  pumps  with  specially  constructed  nozzles  are  required  for  the  applica¬ 
tion  ot  tins  compound,  unless  we  resort  to  the  tedious  and  wasteful  method  of  using 
!n°°mS  ?,r  ™PS.  Tade  of  slender  twigs,  which  are  dipped  into  the  compound  and 
nf  itfVltched  aad  left  so  as  to  sPraT  the  foliage,  as  directed  in  our  circular 
nn"f:  Sfasoik  f he  \  ermorel  apparatus,  including  reservoir,  pump,  and  spraying 
adaPted  for  vineyard  use,  and  is  specially  constructed  for  applying 

e  various  liquid  preparations  containing  sulphate  of  copper. 

POWDERS. 

anmunf  Jrfhn? ^^-—Dissplve  dPounds  of  sulphate  of  copper  in  the  least  possible 

water  reou b  ed  m 16  poands  of  lime  with  smallest  quantity  of 
ie^Ui!.(  d-  /Vhen  the  copper  solution  and  the  slaked  lime  are  completely 
cooled,  mix  them  together  thoroughly;  let  the  compound  dry  in  the  sun;  crush  and 
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sift.  Apply  with  a  sulphuring  bellows  furnished  with  an  outside  receptacle  for  the 
powder.  The  copper  coming  in  contact  with  the  leather  will  soon  destroy  it. 

(5)  Sulphatine. — Mix  2  k  pounds  of  anhydrous  sulphate  of  copper  with  15  pounds 
of  triturated  sulphur  and  10  pounds  of  air-slaked  lime.  Apply  in  the  same  manner 
as  No.  4. 

Both  these  powders  (Nos.  4  and  5)  ought  to  be  procured  from  the  manufacturer, 
prepared  ready  for  use. 

[Note. — It  is  very  probable  that  Nos.  2,  3,  4,  and  5  will  be  found  equally  service¬ 
able  in  preventing  potato  “blight  ”  and  “  rot.”  No.  5  should  be  employed  when  one 
has  to  contend  with  both  the  downy  and  powdery  mildews.  For  apple  scab  we 
suggest  trials  with  Nos.  2  and  3.] 

The  degree  of  success  attending  the  use  of  these  compounds  will  depend  more  or 
less  (1)  upon  their  careful  preparation,  (2)  the  time  of  the  application,  (3)  the  more 
or  less  intelligent  manner  in  which  they  are  applied,  (4)  the  atmospheric  conditions 
existing  at  the  time  or  which  may  follow  the  applications,  (5)  the  number  of  treat¬ 
ments  made,  and  (G)  the  purity  of  the  copper  used. 

In  all  cases  where  these  remedies  are  tried  a  number  of  plants  or  vines  should  be 
left  untreated  to  serve  as  “  control  experiments,”  for  comparison  with  those  treated. 

Prices  of  materials  (subject,  of  course,  to  variations):* 


Sulphate  of  copper,  pure: 

In  quantity,  by  the  barrel. 

At  retail . . . . ' . 

Anhydrous  sulphate  of  copper 
Flowers  of  sulphur: 

Wholesale . . . 

Retail . . . 

Ammonia: 

Wholesale . 

Retail . 

Lime . 

Sulphatine,  in  quantity . 


Washington,  D.  C.,  April,  1887. 


pound.  . 

$0.  05  to  $0.  06 

.10 

. .do. . . . 

.28 

.02^ 

.  05  to 

.06 

.  05  to 

.06 

.10 

)0  lbs.). . 

1.05 

pound . . 

.  05  to 

.06 

Norman  J.  Colman, 
Commissioner  of  Agriculture. 


The  request  that  those  trying  any  of  the  proposed  remedies  should 
report  to  the  Department  the  character  of  the  experiments  made 
and  the  results  obtained,  met  with  generous  response,  nearly  200  re¬ 
ports  being  received.  The  substance  of  these  reports  will  appear  in 
the  bulletin  above  referred  to.  A  considerable  diversity  exists  in 
the  results  obtained,  which,  for  the  most  part,  maybe  accounted  for 
by  the  diversity  in  the  manner  of  making  the  applications  and 
especially  by  the  varying  climatic  conditions  in  the  different  regions 
where  the  trials  were  made.  In  the  hands  of  many  the  simple  solu¬ 
tion,  eau  celeste  and  the  Bordeaux  mixture  gave  excellent  results  for 
mildew,  and  quite  a  number  claimed  that  one  or  the  other  of  these 
preparations  served  to  check  the  black- rot. 

In  almost  all  cases  where  these  remedies  were  tried  one  or  both  of 
the  diseases  (black-rot  and  downy  mildew)  had  already  appeared  at 
the  time  of  the  first  applications.  Understanding  as  we  now  do,  the 
habits  of  the  fungi  causing  these  maladies,  we  know  that  our  only 
hope  is  in  the  employment  of  preventive  measures.  If  the  sulphate 
of  copper  compounds  are  employed  they  must  be  used  in  season  to 


*  Philadelphia  quotations  February,  1888:  Flowers  of  sulphur,  in  barrels,  3  cents 
per  pound;  retail,  4  cents  per  pound.  Powdered  sulphur,  in  barrels,  3  cents  per 
pound;  retail,  4  cents  per  pound.  Liver  of  sulphur,  wholesale,  184  cents  per  pound; 
retail,  25  cents  per  pound.  Carbonate  of  soda,  by  the  cask,  2  cents  per  pound: 
retail,  4  cents  per  pound.  Carbonate  of  copper,,  624  cents  per  pound.  Sulphate  of 
copper,  pure  in  crystals,  7  cents  per  pound.  Sulphate  of  copper,  anhydrous,  45 
cents  per  pound.  Liquid  ammonia,  in  carboys,  74  cents  per  pound;  retail,  25  cents 
ner  pound.  David’s  powder,  per  barrel  (200  pounds),  $12.50;  10  cents  per  pound. 
Sulphatine,  per  barrel  (200  pounds),  $16;  20  cents  per  pound. 
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act  as  preventives.  We  must  cover  the  foliage  and  other  paA  of 
the  vine  subject  to  attack  with  a  preparation  which,  upon  drying, 
will  adhere  for  a  considerable  time  and  prevent  the  germination  o 
the  fungus  spores  which  may  fall  upon  these  parts.  It  is  probab  e, 
also,  that  the  nature  of  the  cuticle  may  be  so  modified  by  tne  prep¬ 
arations  used  as  to  prevent  the  penetration  of  the  germ  tubes  to 
the  tissues  within.  In  either  case  we  must  forestall  the  attacks  by 
early  applications,  and  to  protect  the  later  growths  of  shoots  and 
foliage  the  applications  must  be  several  times  repeated,  fin  an  ordi¬ 
nary  season  three  applications  will  insure  freedom  from  the  mildew, 
but  if  the  season  prove  a  wet  one  a  larger  number  may  be  necessary. 

The  methods  and  manner  of  making  the  applications  are  impor¬ 
tant  considerations.  A  good  apparatus  for  applying  the  liquids  and 
powders  is  half  the  battle.  When  one  has  a  vineyard  ol  consider¬ 
able  size  it  is  necessary  to  have  spraying  pumps  or  bellows  which  pan 
be  operated  easily  and  quickly.  The  best  form  of  sprayer  tor  vine¬ 
yard  use  is  the  portable  arrangement  designed  for  carrying  on  the 
back,  knapsack  fashion,  having  the  reservoir  and  force-pump  com¬ 
bined.  Such  an  apparatus  has  recently  been  designed  by  Mr.  Adam 
Weaber,  of  New  Jersey.  In  form  this  resembles  the  V  igoroux 
sprayer,  or  the  “l’Eclare”  of  Yermorel,  of  French  manufacture, 
but  the  pump  is  constructed  on  different  principles.  VV  ith  the  bet¬ 
ter  appliances  of  this  class  one  man  can  easily  spray  liom  three  to 

five  acres  of  vines  per  day.  ,  , 

The  spraying  should  be  done  thoroughly;  that  is,  ail  the  parts 
ought  to  be  covered  with  the  application,  but  care  should  be  used 
not  to  drench  the  plants  or  vines.  An  excessive  application  is  not 
only  wasteful  but  liable  to  result  in  injury  to  the  objects  treated. 

The  amount  of  material  used  per  acre  will  depend  upon  the  sea¬ 
son,  extent  of  foliage  growth,  and  the  apparatus  employed  m  apply¬ 
ing  it.  In  general,  we  would  recommend  for  the  liquids  25  gallons 
for  the  first,  35  for  the  second,  and  45  for  the  third  application. 

The  nozzle  used  should  give  a  fine,  mist  like  spray,  or  rather  a  cloud 
of  vapor,  which  will  envelop  the  plants,  wetting  them  completely, 
but  not  so  abundantly  as  to  cause  the  liquids  to  drip  from  the  leaves 
and  shoots.  Both  the  eddy  chamber  or  cyclone  nozzle,  aiid  fisixon  s 
climax  nozzle  will  yield  a  spray  of  the  desired  character.  The  latter 
is  only  suitable  for  clear  liquids;  when  such  compounds.as  the  Bor¬ 
deaux  mixture  are  used,  a  nozzle  with  a  degorger  or  device  for  clear¬ 
ing,  like  the  Vermorel  nozzle,  is  necessary.  Improvements  m  our 
fungicidal  appliances  are  greatly  needed,  and  may  be  confidently 

looked  for  at  no  distant  day.  „  n 

As  with  liquids,  so  with  powders,  they  should  be  distributed  finely 
and  evenly,  their  presence  on  the  leaves,  etc.,  alter  application  being 
just  perceptible.  An  excess  of  such  powders  as  sulphatine  (which  is 
one  of  the  best  when  properly  applied)  is  very  likely  to  injure  the 
plants,  particularly  under  a  hot  sunshine.  Bellows  furnished  with 
outside  receptacles  for  the  powders  are  necessary,  as  the  corrosive 
action  of  the  powder  will  very  soon  destroy  the  leather  i*f  placed  in 
contact. 

As  to  the  amount  of  powder  to  be  used  per  acre,  we  would  say  for 
the  first  treatment  35  pounds,  45  or  50  pounds  for  the  second,  and  GO 
pounds  for  the  third. 

In  respect  to  the  remedies  enumerated  in  the  above  circular,  the 
use  of  the  simple  solution  has  in  many  instances  resulted  in  injury  to 
the  foliage.  As  it  is  not  advisable  to  reduce  the  percentage  of  sul- 
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pliate  of  copper  in  the  solution  by  the  addition  of  more  water,  the 
simple  solutions  had  best  be  discarded  in  treatments  during  the  grow¬ 
ing  season. 

Eau  celeste  also  has,  in  the  hands  of  some,  injured  the  foliage  ma¬ 
terially,  and  a  modification  of  the  original  formula  is  suggested  in 
order  to  overcome  this  danger.  In  2  gallons  of  hot  water  dissolve  1 
pound  sulphate  of  copper,  in  another  vessel  dissolve  2  pounds  of  ordi¬ 
nary  carbonate  of  soda;  mis  the  two  solutions,  and  when  all  reaction 
has  ceased  add  1-J  pints  of  liquid  ammonia;  when  desired  for  use, 
dilute  to  22  gallons.44 

It  is  statedf  that  all  danger  of  injury  to  the  foliage  from  the  first 
applications,  made  while  the  shoots  are  yet  young  and  tender,  may 
be  entirely  overcome  by  preparing  the  eau  celeste  for  the  first  treat¬ 
ment  in  the  following  manner  :  Dissolve  1  pound  sulphate  of  copper 
in  a  gallon  of  hot  water,  to  this  solution  add  liquid  ammonia,  a  little 
at  a  time,  until  all  the  copper  is  precipitated  ;  the  liquid  is  then  tur¬ 
bid  and  blue  in  color.  Add  two  or  three  gallons  of  water  and  let 
stand  to  settle.  Then  pour  off  the  clear  liquid  which  contains  sul¬ 
phate  of  ammonia — the  compound  which  causes  the  burning  of  the 
leaves.  Then  pour  upon  the  precipitate  left  in  the  vessel  just  enough 
liquid  ammonia  to  dissolve  it.  The  result  is  a  clear  liquid  of  a  beau¬ 
tiful  deep  blue  color.  When  required  for  use  dilute  to  22  gallons. 

Eau  celeste  prepared  in  the  ordinary  manner  may  be  used  without 
fear  after  the  vines  are  in  full  foliage. 

Considerable  latitude  is  allowed  in  quantity  of  lime  and  copper  sul¬ 
phate  in  the  Bordeaux  mixture,  but  the  amount  of  the  latter  ought 
not  to  fall  below  4  per  cent.  The  most  recently  recommended  form¬ 
ula  for  preparation  of  this  compound  is  4  pounds  of  sulphate  of  copper, 
2  pounds  lime,  25  gallons  water.  J  This  reduces  very  much  the  cost 
of  material,  and  the  labor  in  applying  is  far  less  than  when  pre¬ 
pared  according  to  the  original  formula,  but  some  have  found  it  to 
be  inefficient. 

III. — Potato  blight  and  rot. 

The  value  of  eau  celeste  and  the  Bordeaux  mixture  in  treating  po¬ 
tato  blight  and  rot  (caused  by  Phytoplithora  infestans)  has  been  fre*- 
quently  stated  in  Prance,  and  the  very  great  need  of  discovering 
effective  means  for  checking  these  diseases  in  this  country  was  the 
occasion  for  preparing  the  following  circular^  which  the  Commis¬ 
sioner  ordered  to  be  printed  and  distributed  : 

[Section  of  Vegetable  Pathology. — Circular  No.  4.] 

Treatment  of  the  potato  and  tomato  for  the  blight  and  rot. 

Sir  :  In  Circular  No.  3  of  this  section,  addressed  to  the  vineyardists  of  the  country, 
it  was  suggested  that  some  of  the  preparations  therein  described  might  be  found  use¬ 
ful  in  preventing  potato  “  blight  ”  and  “  rot,”  this  suggestion  being  made  upon  the 
knowledge  of  the  fact  that  the  fungus  which  causes  the  mildew  of  the  vine  is  very 
similar  in  character  to  that  which  produces  the  diseases  named  above.  The  pub¬ 
lished  evidence  of  experiments  made  in  France,  in  1886,  in  the  treatment  of  pota¬ 
toes  and  tomatoes  for  “  blight  ”  and  k‘  rot  ”  with  the  Bordeaux  mixture,  gives  addi¬ 
tional  weight  to  this  subject  and  renders  it  highly  probable  that  by  the  application 

*  Formula  of  M.  Masson,  Progres  Agricole,  July,  1887. 

f  “Progres  Agricole  et  Viticole,”  April  29,  1888. 

X  Viala  and  Ferrouillat,  “  Manuel  pratique  pour  le  Traitement  des  Maladies  de  la 
Vigne,”  2d  ed., Man,  1888,  p.27. 
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of  preparations  containing  sulphate  of  copper  we  will  be  able  to  prevent,  or  at  least 
to  greatly  diminish,  the  ravages  of  one  of  the  worst  enemies  of  the  American  farmer. 

Directions  for  the  preparation  and  application  of  the  remedies  thought  most  likely 
to  prove  successful  are  here  presented,  and  it  is  earnestly  recommended  that  they  be 
given  a  thorough  trial  in  order  to  demonstrate  their  supposed  value. 


LIQUIDS. 


(1)  Eau  celeste ,  blue  water,  (the  “Audoynaud  process”). — Dissolve,  1  pound  of 
sulphate  of  copper  in  3  or  4  gallons  of  warm  water;  when  completely  dissolved  and 
the  water  has  cooled,  add  1-J-  pints  of  commercial  liquid  ammonia,  then  dilute  to  22 
gallons.  The  concentrated  liquid  should  be  kept  in  a  keg  or  some  wooden  vessel 
and  diluted  when  required  for  use.  Apply  in  clear  weather  with  a  suitable  force- 
pump  having  a  fine  spraying  nozzle,  which  will  spray  the  plants  thoroughly  but 
not  drench  them.  Make  the  first  application  when  the  plants  are  in  bloom,  the 
second  a  week  or  ten  days  later,  and  if  the  weather  be  such  as  will  favor  the  devel¬ 
opment  of  “  rot,”  a  third,  and  perhaps  a  fourth  application  should  follow  within 
about  the  same  intervals. 

(2)  Copper  mixture  of  Cbironde,  Bordeaux  mixture . — Dissolve  4  pounds  of  sulphate 
of  copper  in  16  gallons  of  water  ;  in  another  vessel  slake  4  pounds  of  lime  in  6  gal¬ 
lons  of  water.  When  the  latter  mixture  has  cooled,  it  is  slowly  poured  into  the 
copper  solution,  care  being  taken  to  mix  the  fluids  thoroughly  by  constant  stirring. 

It  is  well  to  have  this  compound  prepared  some  days  before  it  is  required  for  use. 
(The  sulphate  of  copper  ought  to  be  purchased  in  a  powdered  state,  as  it  dissolves 
with  difficulty  in  the  ordinary  crystalline  form.) 

This  liquid,  slightly  thickened  because  of  the  lime,  may  be  applied  with  small 
brooms  or  wisps  made  of  slender  twigs,  which  are  dipped  into  the  compound  and  * 
then  switched  over  the  plants  so  as  to  thoroughly  spray  the  leaves.  This  method 
is  wasteful  and  tedious,  however,  and  where  one  has  a  considerable  area  to  cover  it 
would  be  economy  to  procure  a  spraying  pump;  the  essential  features  of  a  good  ma¬ 
chine  are  ease  and  rapidity  of  application  with  economy  of  material. 

Follow  the  same  general  directions  in  making  the  applications  as  are  given  under 
No.  1. 


POWDERS. 


(3)  Sulphatine  (the  Esteve  process). — Mix  2  pounds  of  anhydrous  sulphate  of  cop¬ 
per  with  20  pounds  of  flowers  of  sulphur  and  10  pounds  of  air-slaked  lime. 

(4)  Blight  powder. — Mix  3  pounds  of  anhydrous  sulphate  of  copper  with  07  pounds 

of  flowers  of  sulphur.  v 

This  amount  will  be  sufficient  for  one  application  to  5  acres  of  potato  plants. 

Powders  possess  the  advantage  over  the  liquid  remedies  of  requiring  less  labor  in 
transportation  and  of  being  more  easy  of  application,  consequently  they  will  be 
preferred  to  the  liquids,  should  they  prove  equally  efficacious. 

r  or  applying  the  powders,  which  ought  to  be  done  when  there  is  no  wind  and 
when  the  leaves  are  wet  with  dew  or  rain,  the  primitive  arrangement,  made  of  tin 
and  constructed  like  a  large  pepper-box,  or  rather  like  an  inverted  funnel  with  fine 
wire  gauze  fastened  over  the  lower  end,  and  which,  when  filled  with  the  powder, 
is  held  over  the  plants  and  shaken,  is  efficient  and  at  the  same  time  simple  and  in¬ 
expensive.  Only  enough  of  the  powders,  especially  of  the  sulphatine,  should  be 
applied  to  be  simply  visible  upon  the  leaves,  as  heavy  doses  may  burn  them. 

,  Owing  to  the  continual  motion  of  the  leaves  of  potato  and  tomato  plants,  by  which 
noth  sur laces  are  liable  to  receive  the  spores  of  the  fungus,  the  applications  ought  to 
cover  both  sides ;  this  can  best  be  accomplished  by  the  use  of  a  bellows  with  an 
e,vten sion  nozzle,  enabling  the  operator  to  direct  the  blast. 

l  -  m  )  e^i  ee  °/  s.uccess  attending  the  use  of  these  compounds  will  depend  more  or 
•  l  rr>0!1  |  ,ieir  cai'eful  preparation,  (2)  the  time  of  application,  (3)  the  more  or 
i«finln.CH41iC’eiI-  manner  \n  which  they  are  applied,  (4)  the  atmospheric  condition  ex- 
mo-rUo  i  which  may  follow  the  applications,  (5)  the  number  of  treat- 

Ti C  ’naue'.and  (6)  the  purity  of  the  lime  and  sulphate  of  copper  used. 
iw  3  cm*u£  observations  are  essentially  the  same  as  those  recently  published 
^Tliopw  v  1  mi,msfer  °t  agriculture,  in  a  circular  of  similar  import  to  this, 
treat-p/i  aim  !  ^e  conducted  in  such  a  manner  that  the  vines  or  plants 

i.ip.  nno-ut  f  untreated  (to  serve  as  control  experiments)  may  be  compara- 
snecfq  13  ti  °  '  r  OI-  ie  |ame  variety,  cultivated  at  the  same  time,  and  in  all  re- 
slmnltanpmi«iTr  1?  c  l?{?lng  of  the  treated  and  untreated  plants  ought  to  be  made 

meat  when  thpv  .ll-Vn  iJaS  ]?e<?n  P-roven  that  the  tubers  may  be  infected  at  the  mo- 
^  1  dken  from  the  ground,  and  that  the  chances  of  infection  are 
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much  greater  in  the  early  morning  when  the  air  and  ground  are  damp,  than  later 
in  the  day  when  there  is  less  moisture. 

At  the  moment  of  digging,  count  the  rotton  tubers  found  in  the  soil  and  also 
those  which  are  spotted  only.  The  weights  of  the  crops  from  the  treated  plants 
and  from  those  not  treated  should  be  determined,  and  they  should  be  preserved 
separately  during  the  winter,  but  under  identical  conditions,  for  the  purpose  of 
learning  if  there  be  any  difference  between  them  in  respect  to  infection. 

Much  may  be  accomplished  in  the  prevention  of  potato-rot  by  renewal  of  seed,  selec¬ 
tion  of  varieties,  and  especially  by  planting  only  in  light  and  well  drained  soils;  also, 
perhaps,  by  following  certain  systems  of  cultivation;  but  the  evidences  we  have  of 
the  serious  losses  occasioned  by  this  disease  throughout  the  potato  growing  regions 
of  the  United  States  render  it  imperative  on  the  part  of  the  Government  to  exer¬ 
cise  all  possible  efforts  for  its  prevention,  and  I  respectfully  recommend  the  imme¬ 
diate  distribution  of  this  circular,  urging  those  who  suffer  directly  from  the  rav¬ 
ages  of  the  diseases  named  to  experiment  with  the  remedies  and  report  to  you  the 
results  obtained. 

Respectfully, 

F.  Lamson  Scribner, 

Chief  of  Section . 

Hon.  Norman  J.  Colman, 

Commissioner  of  Agriculture. 


We  have  received  no  reports  on  the  use  of  these  remedies,  and  do 
not  know  that  they  have  yet  been  tried,  but  we  feel  confident,  how¬ 
ever,  that  the  remedies  here  enumerated,  when  properly  made  and 
.  applied,  will  prove  effectual  in  preventing  the  ravages  of  the  potato 
blight  and  rot. 


IV. — Field  observations  and  experiments. 

In  order  to  gain  an  accurate  knowledge  of  habits  of  parasitic 
fungi  and  the  ravages  they  produce  it  is  absolutely  necessary  to 
carry  on  field  investigations.  The  Department  ought  not  to  be 
obliged  to  depend  upon  volunteer  reports  for  a  knowledge  of  facts 
accpiired  through  private  experiments.  Such  reports,  especially 
when  treating  of  matters  relating  to  fungi,  are  very  likely  to  be  mis¬ 
leading,  owing  to  the  imperfect  knowledge  generally  possessed  re¬ 
garding  this  subject.  And  as  to  the  matter  of  fungicides  and  the 
treatment  of  plant  diseases,  valuable  conclusions  can  only  be  reached 
through  field  work  carried  on  by  some  one  familiar  with  the  nature 
and  habits  of  the  fungi  to  be  combated. 

If  this  work  be  continued  in  a  manner  at  all  commensurate  with 
its  importance,  and  results  obtained  that  shall  meet  the  approval  and 
confidence  of  the  people  the  Department  is  designed  to  serve,  it  is 
necessarv  that  Congress  provide  for  a  station  which  shall  be  under 
the  absolute  control  of  the  Department  for  the  needed  field  experi¬ 
ments.  Office  work  is  necessary,  laboratory  work  must  be  done,  but 
to  attain  practical  results,  and  it  is  the  practical  conclusions  which 
the  farmer  and  fruit-grower  are  after,  it  is  imperative  that  we  go 
outside  of  the  office  and  laboratory,  and  continue  our  studies  and  ex¬ 
periments  in  the  field  upon  living  plants.  A  station  containing  not 
less  than  10  acres  of  land,  located  where  a  lar^e  variety  of  grains,  veg¬ 
etables,  vines,  and  fruit  trees  and  shrubs  could  be  cultivated,  is  essen¬ 
tial  to  the  successful  prosecution  of  the  work  required  from  this  Sec¬ 
tion,  and  the  development  of  its  full  power  for  usefulness.  Here  the 
effects  of  the  parasites  upon  the  host  can  be  studied,  inoculations  of 
healthy  plants  made,  and  experiments  carried  on  in  the  treatment  of 
plant  diseases.  A  small  green-house  is  an  important  adjunct  to  such 
a  station,  and  the  work  woffld  be  further  facilitated  by  having  in  the 
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same  location  the  laboratory  for  the  microscopical  studies  and  finer 
cultures. 

Such  a  station,  it  is  confidently  expected,  will  be  established  at  no 
distant  day,  and  the  results  which  then  may  be  accomplished  will  be 
more  in  accord  with  the  dignity  of  the  position  which  this  Depart¬ 
ment  is  designed  to  hold  in  its  relations  to  American  agriculture. 

Vo — Special  subjects. 

The  plant  diseases  discussed  in  the  following  pages  of  this  report 
have  been  made  the  subject  of  investigation  either  by  myself  or  my 
assistants.  V ery  little  claim  is  made  to  originality,  excepting1,  per¬ 
haps,  in  the  manner  of  presentation;  but  it  is  hoped  that  this,  together 
with  the  accompanying  illustrations,  will  be  found  valuable  and 
meet  with  public  approval. 

The  chapters  on  the  “Smut  of  Indian  Corn,”  “Corn  Rust,”  and 
the  “  Powdery  mildew  of  the  Gooseberry  ”  were  prepared  by  outside 
agents,  employed  for  the  purpose  because  of  their  having  devoted 
particular  attention  to  these  subjects. 

I  wish  here  to  express  my  thanks  to  my  assistants  for  their  con¬ 
stant  diligence  and  ever-ready  willingness  to  perform  the  duties  as¬ 
signed  them,  and  especially  to  commend  the  valuable  services  ren-  ♦ 
dered  in  the  preparation  of  the  following  pages  by  the  assistant,  Mr. 

B.  T.  Galloway,  and  by  Miss  Effie  A.  South  worth. 


1.— Strawberry-leaf  blight. 

Sphcerella  frag ar ice,  Sacc, 
(Plate  I.) 


(a)  GENERAL  OBSERVATIONS. 


There  are  a  dozen  or  more  fungi  which  infest  the  Strawberry  plant, 
but  the  best  known,  and  doubtless  the  one  more  injurious  than  all  the 
others  combined,  is  that  which  causes  the  disease  wu  have  here  liamed 
Strawberry-leaf  Blight.  It  has  been  called  the  4  4  spot  disease  of  straw¬ 
berry  leaves,”*  44  sun-burn,”  and  often  “strawberry  rust.”f 

i  his  disease  is  due  to  the  attacks  of  a  parasitic  fungus  Avhich  is 
common  both  in  this  country  and  in  Europe.  Here  we  huAre  obseiwed 
it  from  Maine  in  the  East  to  California  in  the  West,  and  complaints 
of  its  ravages  haAm  come  to  us  from  Elorida  and  other  sections  of  the 
South.  It  does  not  limit  its  attacks  to  the  cultivated  varieties,  for 
we  have  frequently  obseiwed  it  on  wild  plants,  and  even  on  the  com- 
Cinquefoil,  a  plant  botanically  related  to  the  Strawberry. 

I  be  Strawberry-leaf  Blight  fungus  was  first  studied  with  the  view 
ol  tracing  its  life  history  by  tAvo  French  mycologists,  the  Tulasne 
brothers,  some  twenty  years  ago.  They  figured  and  described  the 
oiiiis,  (lei  ermined  by  them  under  the  name  of  Stigmatea  frag  ar ice, 
aim  by  tins  name  the  fungus  was  known  in  Europe  until  1882,  Avhen 
i  aa  a:.'.  '  ransf  erred  to  the  genus  Splicer ella  by  Saccardo.J  The  same 


twel?aSe’  2!Ann- RePt- Wis* Exper. St. ,  1885. 
snecies  of  the  restrkt  the  term  “  rust ”  to  those  diseases  caused  by 

of  mrasites  included  in  +{  ece’  and  RPot  ’  diseases,  to  such  as  result  from  the  attacks 
o  parasites  mo ludcd  in  the  genus PhyUosticta,  etc.,  adopting  the  term  “  blight”  for 
those  caused  by  species  of  Ramularia ,  Cereosporaj ete,  ^  g 

X Syllog.  Fung.,  I,  505. 
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author  described  the  summer  stage  of  the  fungus  in  1879  as  Rarnu- 
laria  Tulasnei ,  and  in  1883  the  same  form  was  published  by  Mr. 
Charles  H.  Peck  under  the  name  of  Ramularict  frag cir ice.  This  stage 
of  the-  fungus  has  been  made  the  subject  of  papers  by  several  Ameri¬ 
can  botanists,  but  none  have  attempted  to  trace  the  development  of 
the  other  forms  in  its  life  history. 

(5)  EXTERNAL  CHARACTERS  OF  THE  BLIGHT. 

Very  small,  deep  purple  or  red  spots  appearing  on  the  upper  sur¬ 
face  of  the  leaves  are  the  first  symptoms  of  this  disease.  These  spots 
rapidly  increase  in  size,  and  at  the  same  time  their  color  changes 
from  purple  to  reddish-brown;  eventually  they  become  gray  or  white 
in  the  center,  so  that  they  finally  present  a  gray  or  white  central  area 
surrounded  by  a  dark  purple  border,  shading  off  towards  the  healthy 
tissues  to  reddish-brown.  The  spots  vary  in  diameter  from  one-sixth 
to  nearly  one-fourth  of  an  inch,  but  it  very  frequently  happens  that 
several  contiguous  spots  coalesce  and  form  large,  irregular-shaped 
blotches.  The  bright  color  which  these  spots  impart  to  the  leaves 
renders  the  latter  particularly  conspicuous,  and  this  appearance  is 
familiar  to  every  strawberry  grower  (Fig.  a).  The  leaves  badly  af¬ 
fected  soon  turn  brown,  this  discoloration  usually  beginning  at  their 
«  tips,  and  become  shriveled  and  finally  die.  Similar  spots  to  those 
above  described  sometimes  appear  on  the  calyx  and  on  the  stems  sup¬ 
porting  the  young  berries  or  fruit. 

(c)  EFFECTS  AND  LOSSES. 

The  effect  of  the  Strawberry-leaf  Blight  on  the  foliage  of  the  plants, 
even  in  mild  cases,  must  be  detrimental  to  the  processes  of  assimila¬ 
tion;  and  when  the  attack  is  severe  it  results  in  the  early  destruction 
and  death  of  the  plants.  If  the  fruiting  stems  or  leaves  of  the  calyx 
are  attacked  the  young  berries  never  reach  ’  maturity,  or  the  fruit 
becomes  shriveled  and  unfit  for  use. 

The  injury  to  strawberry  culture  resulting  from  this  disease  ap¬ 
pears  to  have  been  on  the  increase  during  the  past  five  or  six  years, 
to  the  general  alarm  of  the  growers  of  this  fruit.  No  special  efforts 
have  been  taken  to  learn  the  actual  extent  to  which  this  fruit  indus¬ 
try  has  suffered  from  the  ravages  of  the  blight,  but  enough  has  been 
learned  to  demonstrate  its  gravity.  In  some  localities  the  injury 
effected  has  been  comparatively  slight,  while  in  others  entire  plan¬ 
tations  have  been  completely  destroyed.  It  appears  that  the  disease 
is  most  severe  in  the  States  of  Illinois,  Michigan,  Wisconsin,  Minne¬ 
sota,  Iowa,  Missouri,  Kansas,  and  Kentucky.  In  southern  Illinois, 
where  there  are  more  strawberries  grown  than  in  any  other  section 
of  the  country,  the  blight  is  deemed  one  of  the  worst  enemies  with 
which  the  cultivator  of  this  fruit  has  to  contend,  and  the  losses  sus¬ 
tained  are  often  very  great.  A  Connecticut  correspondent  states 
that  in  one  year  he  lost  $1,500  on  a  field  of  6  acres  from  the  Straw¬ 
berry  Blight.  In  Louisiana  and  other  Southern  States  the  disease  is 
less  destructive.  This  is  probably  due  to  the  fact  that  in  this  section 
the  plants  are  renewed  every  year,  allowing  no  opportunity  for  the 
fungus  to  gain  a  foot-hold. 

The  attacks  may  occur  at  any  time  during  the  growing  season 
under  the  proper  weather  conditions.  Those  coming  early,  if  severe, 
injure  the  immediate  crop,  while  later  attacks  may  entirely  destroy 
the  prospects  of  a  crop  the  year  following.  It  is  the  opinion  of  some 
strawberry  growers  that  the  heavier  the  crop  the  more  likely  are  the 
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plants  to  be  attacked  by  blight  after  the  fruit  is  gathered.  The 
death  of  the  plants  before  the  close  of  the  season  sometimes  results 
from  these  late  attacks. 

Some  varieties  appear  to  be  more  subject  to  the  disease  than  others, 
but  we  are  unable,  at  this  time,  to  make  any  classification  based  on 
their  degree  of  susceptibility.  The  following  varieties  have  been 
mentioned*  as  among  those  most  subject  to  the  disease:  Downing, 
Wilson,  Russel’s  Prolific,  Big  Bob,  Bidwell,  Captain  Jack,  Forest 
Rose,  and  Manchester;  those  notably  free  are  Crescent,  Windsor 
Chief,  and  Sharpless, 


(d)  CONDITIONS  FAVORING  THE  DEVELOPMENT  OF  STRAWBERRY-LEAF  BLIGHT. 

Heat  and  moisture  favor  the  development  of  Strawberry  Blight, 
and  at  any  time  during  the  summer  when  the  weather  is  hot  "and 
moist  the  plants  are  likely  to  be  attacked.  Heavy  dews  or  rains  are 
essential  tp  infection,  but  the  disease  may  continue  its  work  of  de¬ 
struction  during  dry  weather;  and  it  not  infrequently  happens  that 
it  develops  in  its  worst  form  in  dry,  hot  weather  succeeding  a  period 
of  frequent  or  heavy  rains.  The  fungus  causing  the  malady  is  truly 
parasitic  in  its  habits,  and,  except  that  the  conditions  which  may 
favor  its  development  be  inimical  to  the  plants,  the  health  or  vitality 
of  the  latter  does  not  enter  into  consideration.  Other  things  being 
equal,  plants,  however  vigorous  and  well  cared  for,  are  no  less  subject 
to  the  blight  than  those  in  feeble  health. 

In  respect  to  the  soil,  the  disease  is  undoubtedly  most  severe  when 
the  land  is  heavy  or  wet  and.  undrained.  We  have  in  mind  an  in¬ 
stance  which  will  illustrate  this  point.  A  plantation  of  about  5  acres 
was  bordered  on  one  side  by  a  brook,  towards  which  the  land  grad¬ 
ually  sloped.  For  about  60  feet  back  from  the  brook  the  soil  was 
marshy  and  wet,  while  the  remainder  of  the  field  was  fairly  well- 
drained.  The  plants  on  the  narrow  strip  of  wet  land  were  much 
more  severely  diseased  with  blight  than  those  on  the  comparatively 
dry  soil  adjoining.  The  effect  was  like  that  sometimes  observed 
when  two  varieties — the  one  resistant  and  the  other  susceptible  to  the 
disease — grow  side  by  side.  In  the  present  instance  there  were  a 
number  of  varieties  planted  in  rows  running  at  right  angles  to  the 
brook,  so  that  the  greater  severity  of  the  disease  on  the  wet  land 
could  not  be  attributed  to  any  difference  in  susceptibility  of  varieties. 
The  disease  in  the  locality  here  noted  appeared  early  in  May,  some 
ten  days  after  a  heavy  rain-fall  which  was  succeeded  by  damp,  cloudv 
weather.  J 

A  deep  and  thoroughly  well  drained  soil  will  supply  sufficient 
moisture  to  keep  the  strawberry  plants  in  good  condition,  but  not 
enough  to  favor  excessive  development  of  the  blight. 


(<?)  BOTANICAL  CHARACTERS. 

The  fungus  causing  the  Starwberry-leaf  Blight,  although  of  micro¬ 
scopic  size,  is  a  plant  like  the  strawberry  itself,  and  consists  of  a  vege¬ 
tative  ami  a  reproductive  system;  the  former  is  the  mycelium  or  plant 
Doay  ot  tne  parasite;  the  latter  comprises  the  spores  or  reproductive 
°Lles  aiu  y.iG  or&ans  supporting  or  containing  them. 

cifih  u  vegetative  part  of  the  fungus  is  made  up  of 

U'iJ  thtead-hke  .ubes  which  grow  between  and  sometimes  into 
tiie  cells  or  the  host.  These  threads  are  colorless  (sometimes  tinted 

.Lielease  in  Second  Ann.  Rept.  Wise.  Agr.  Exp.  Station,  p.  48, 
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brown),  flexuose,  often  anastosmosing,  septate,  and  varying  in  diame¬ 
ter  from  Ip.  5  to  3  p  (lg= 2-5+00  of  an  inch) .  It  is  through  the  action  of 
these  mycelial  threads  on  the  cell  contents  of  the  host  that  the  exter¬ 
nal  characters  of  the  disease,  already  noted,  are  produced. 

Reproductive  system. — The  reproductive  system  of  Splicer  ella  fra- 
yarice  is  quite  complex,  and  although  it  has  been  studied  very  care¬ 
fully  it  is  not  yet  fully  understood.  From  our  examinations  of  the 
material  at  our  disposal  we  have  been  able  to  determine  three  spore 
forms  and  possibly  a  fourth;  the  three  of  which  we  feel  sure  are  coni- 
dia,  spermatia,  and  ascospores.  We  are  yet  doubtful  in  regard  to  the 
pycnidia. 

Conidia  (Figs,  b  and  c). — The  best  known  and  doubtless  the  most 
important  reproductive  bodies,  economically  considered,  are  the  con¬ 
idia.  After  the  mycelium  has  grown  for  a  time  within  the  leaves  and 
the  light-colored  central  areas  of  the  spots  appear,  the  threads  occu¬ 
pying  this  portion  become  massed  together  at  frequent  points  just 
beneath  the  cuticle  of  either  surface,  and  from  these  masses  numer¬ 
ous  short,  colorless  branches  are  sent  out  either  through  the  stomata  or 
ruptured  cuticle,  and  it  is  upon  their  free  ends  that  the  earlier  de¬ 
velopment  of  conidia  takes  place.  The  length  of  the  branches  varies  a 
good  deal,  but  usually  ranges  between  30  p  and  50  p;  they  are  sometimes 
composed  of  a  simple  elongated  cell,  but  often  they  are  divided  by 
transverse  septa  into  two  to  several  cells.  At  a  later  period  in  the 
development  of  the  fungus,  conidia-bearing  branches  may  arise  from 
the  perithecia,  described  below. 

On  the  free  ends  of  the  branches  the  young  conidia  are  developed, 
first  as  minute  globose  bodies,  but,  rapidly  elongating,  they  soon  ap¬ 
pear  as  illustrated  in  Plate  I,  Fig.  b.  Sometimes  a  succession  of  spores, 
held  together  in  a  single  series  or  chain  by  their  contiguous  ends,  are 
formed  upon  a  single  stalk,  and  sometimes,  though  very  rarely,  two 
such  series  are  developed  from  the  apex  of  a  common  support.  The 
free  apex  of  the  terminal  conidium,  whether  it  stands  alone  or  forms 
» one  of  a  series,  is  obtuse  and  rounded;  the  other  end  and  the  ex¬ 
tremities  of  those  standing  intermediate  in  a  series  are  flattened  at 
the  points  of  attachment.  Their  length  is  from  20 p  to  50 p,  and  they 
have  a  diameter  of  from  2.5  p  to  4//.  Often  only  one-celled,  they  are 
frequently  divided  by  transverse  septa  into  two  or  three  cells.  They 
are  colorless,  like  the  stalks  which  support  them,  and  are  filled  with  a 
transparent,  slightly  granular  fluid.  The  formation  of  these  con¬ 
idia  continues  throughout  the  summer,  under  favoring  conditions  of 
moisture  and  heat,  and  as  they  are  exceedingly  light  and  germinate 
readily  in  water,  the  rapid  spread  of  the  fungus  and  consequent  dis¬ 
ease  over  a  plantation  or  section  of  country  is  easily  understood.  This 
stage  of  the  fungus  has  been  named  Ramularia  fr agarics  by  Charles 
H.  Peck,  and  Ramidaria  Tulasnei  by  Saccardo. 

At  the  approach  of  cold  weather  the  formation  of  the  conidia  ceases, 
but  the  mycelium  of  the  fungus  remains  alive  in  the  tissues  of  the 
leaves,  and  in  early  spring  a  few  warm  days  are  sufficient  to  bring 
forth  a  new  crop  ready  to  spread  infection  at  the  first  opportunity. 

When  the  conidia  are  sown  in  water  at  a  temperature  of  about  60° 
F.,  they  will  in  a  few  hours  send  out  slender  germ  tubes,  which  in¬ 
increase  rapidly  in  length  by  continued  apical  growth.  In  forty-eight 
hours  the  germ  tubes  attain  a.  length  of  many  times  that  of  the  con¬ 
idium  from  which  they  start,  and  are  usually  several  times  branched. 
Water  is  necessary  to  effect  germination. 
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If,  after  a  prolonged  rain,  a  drop  of  water  from  a  diseased  leaf  or 
from,  an  apparently  healthy  one  growing  close  by,  is  examined  with 
a  good  microscope,  large  numbers  of  conidia  in  various  stages  of  ter¬ 
mination  will  usually  be  seen.  It  is  during  such  periods  that *the 
healthy  leaves  are  infected;  the  germ  tubes  enter  the  leaf  (either  by 
directly  penetrating  the  cuticle  or  through  the  “breathing  pores”), 
and  once  within  the  tissue  they  may  continue  to  grow  independent 
of  external  circumstances.  1 

Conidia  sown  on  healthy  leaves  of  pot-grown  strawberry  plants 
which  for  three  days  following  were  kept  constantly  wet,  produced 
lIio  chai  actei  istic  puiple  spots  in  about  eighteen  days.  Similar  sow¬ 
ings  on  leaves  kept  constantly  dry  were  not  infected,  although  the 
plants  m  both  cases  were  cared  for  alike,  except  in  the  matter  of 
moisture. 

.  Repeated  sowings  of  the  conidia  in  solutions  employed  as  fungi¬ 
cides  were  made.  Rone  germinated  in  a  1  per  cent,  solution  of  hy¬ 
posulphite  of  soda,  or  in  a  one-fourth  of  1  per  cent,  solution  of  sul¬ 
phate  of  copper.  A  very  small  quantity  of  lime  in  water  used  in 
these  experiments  also  checked  the  germination  of  the  conidia 

Spermogonia.  —During  the  autumn  and  early  winter  there’is  de¬ 
veloped  on  the  mycelium  numerous  round  or  ovoid  bodies  which  as 
they  inci  ease  in  size,  bi  eak  through  the  tissues  of  the  leaf,  appearing 
on  the  surface  as  minute  black  specks.  Some  of  these  bodies  are  the 
spermogonia,  theii  interior  being  filled  with  spermatia.  The  sper- 
matia  have  a  length  of  3/e,  and  are  about  three  times  as  long  as  broad, 
•i-tcy  produced  in  \  ast  numbers  and  doubtless  serve  some  impor¬ 
tant  office  in  the  economy  of  the  fungus,  but  just  what  that  office  is 
has  never  been  dearly  demonstrated.* 

Perithecia  (Fig.  d). — By  far  the  larger  number  of  the  black  bodies 
above  mentioned  are  perithecia.  They  are  the  last  to  come  to  ma¬ 
turity,  at  the  time  the  spermatia  are  most  abundant  their  interior  is 

tin  iWiona  .  ap  mass  ceTs*  They  are  usually  somewhat  larger 
to  130/e  in  diameter)  than  the  spermogonia,  and  their  outer  walls' 
are  more  nearly  black  and  apparently  thicker  or  firmer  in  texture, 
x  ley  ar  e  usually  partially  imbedded  in  the  ruptured  leaf-surf  ace,  but 
not  infrequently  they  appear  to  be  resting  directly  upon  it.  At  the 
top  of  each  there  is  a  small  opening  or  ostiolum  which  permits  the 
contents  to  escape  at  maturity  (Fig.  e).  If  the  perithecia  be  exam¬ 
ined  during  the  latter  part  of  winter  or  early  spring  (they  are  almost 
always  found  abundantly  on  leaves  destroyed  by  blight  the  previous 
c  cai )  the  interior  will  be  seen  to  be  filled  with  numerous  transpar¬ 
ent  sacs  or  asci  attached  to  a  thin  layer  of  light-colored  tissue  resting 
on  the  botton  wall  (Fig.  e).  These  sacs  are  about  50/e  long  and  10/e  in 
diameter  above,  tapering  below  to  a  narrow  base.  Within  them  are 
twG(  tlie.ascoisp®res,<  usually  eight  in  number  in  each  sac  (Fig.  f). 

hndif^i  -1  usJra^ecj-  1]{  TTate  I,  Fig.  g,  and  are  true  reproductive 
oodles,  designed,  no  doubt,  to  preserve  the  life  of  the  fungus  in  special 

aci?ui°s<?’  often  found  associated  with  Sphcerella  fra- 
often  ^ two-celled ^espermogotiia  of  the  latter,  but  its  spores  are 
spermatia  PoVil  lv  n  ^  nominate  without  difficulty,  contrary  to  the  character  of 

*  16  lTnViial  of  the  Sphcerella,  but  this  is 
oo-onial  stage  of  Vim  sw uiL,  VTl\aS  a  ^een  thought  by  some  to  be  the  sperm- 
to  be  the  case  AnotW  fur  Ul\  '  FV  there  is  no  longer  any  reason  for  supposing  this 
with  the  Sphcerella  Ins  h<><  (-t wochyia  fragarice) ,  sometimes  found  associated 

tions  we  can^ee  no  rpa  wnVnv^arde(} ■ aS  !?.  pycnidial  form,  but  from  our  observa- 
found  this  fungus  on  leaves  deste^S^^ht?6^  alth°Ugh  We  have  occasionally 
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cases,  but,  as  we  have  already  seen,  they  are  not  essential  to  its  per¬ 
petuation  from  one  year  to  another.  They  are  narrowly  ovoid  in 
shape,  being  more  pointed  below,  and  are  divided  into  two  cells  by 
a  transverse  septum  near  the  middle. 555 

Gonidia-bearing  stalks  similar  to  those  we  have  already  described 
often  grow  in  great  numbers  from  the  outer  wall  of  the  perithecium 
around  the  ostiolum,  and  like  developments  have  been  observed  by 
us  arising  from  similar  parts  of  the  spermogonia.  These  stalks  pro¬ 
duce  conidia  in  every  way  like  those  which  are  formed  in  the  early 
stages  of  the  disease.  By  placing  the  old  diseased  leaves,  upon  which 
there  are  perithecia,  in  a  moist  atmosphere  under  a  tumbler  or  bell 
jar  the  conidia-bearing  stalks  and  conidia  will  grow  from  the  latter 
in  the  greatest  profusion. 

From  our  studies  of  this  fungus  we  conclude  that  its  life  history  is 
limited  to  the  developments  above  described:  First,  there  is  the 
mycelium,  which  endures  throughout  the  year;  second,  the  conidia, 
produced  in  the  summer  on  short  stalks  arising  from  cushion-like 
masses  of  mycelium  formed  just  beneath  the  cuticle.  This  stage  ap¬ 
pears  to  us  to  correspond  to  the  pycnidial  stage  of  the  fungus  of  the 
black-rot  of  grapes,  only,  in  this  instance,  the  pycnidial  walls  are  not 
developed,  consequently  the  basidia  and  their  spores  are  exposed; 
third,  the  spermagonia,  which  appear  late  in  the  season;  and,  fourth, 
the  perithecia,  with  their  asci  and  ascospores,  found  in  early  spring 
on  leaves  destroyed  by  the  blight  the  previous  year.  The  spore-forms 
are  the  summer  conidia,  the  conidia  which  are  produced  on  stalks 
that  grow  from  the  tops  of  the  spermagonia  and  perithecia,  the  sper- 
matia,  and  the  ascospores. 

The  conidia  are  designed  for  the  rapid  propagation  of  the  fungus, 
as  shown  by  their  great  abundance  and  the  ease  with  which  they 
germinate.  The  ascospores,  securely  protected  by  the  walls  of  the 
perithecium,  are  doubtless  designed  to  perpetuate  the  fungus  under 
conditions  fatal  to  the  life  of  the  conidia. 


(/)  TREATMENT. 

A  knowledge  of  the  habits  of  the  fungus  of  Strawberry-leaf  Blight 
shows  us  that  the  treatment  of  the  disease  must  be  preventive.  The 
fungus,  when  once  inside  the  leaf,  can  only  be  destroyed  at  the  ex¬ 
pense  of  the  latter. 

W e  can  mitigate  the  evil  and  oftentimes  wholly  avoid  it  by  pursu¬ 
ing  special  systems  of  culture.  By  annually  renewing  the  settings 
and  planting  only  in  deep  and  thoroughly  well  drained  soil  loss  from 
blight  will  seldom  occur.  Some  have  escaped  the  ravages  of  the 
disease  by  removing  all  the  old  leaves  immediately  after  the  fruit  is 
harvested  and  cultivating  the  ground,  at  the  same  time  adding  some 
quick  fertilizer.  The  easiest  way  to  remove  the  leaves  is  to  mow  the 
beds,  then  rake  the  leaves  together  and  burn  them. 

A  simpler  line  of  treatment,  and  one  more  likely  to  secure  the  de¬ 
sired  result,  is  the  application  to  the  plants  of  some  fungicide  which 
will  destroy  or  prevent  the  germination  of  the  conidia  falling  upon 
the  leaves.  We  have  seen  from  our  laboratory  experiments,  that 
these  conidia  will  not  germinate  in  very  dilute  solutions  of  hypo¬ 
sulphite  of  soda  or  sulphate  of  copper.  It  is  a  simple  matter  to  apply 
similar  solutions  to  the  plants  in  the  field,  where  it  is  only  reasonable 

*  These  ascospores  are  more  elongated  and  rather  more  pointed  at  the  narrow  end 
than  those  figured  by  Tulasne,  but  they  are  certainly  of  the  same  species. 
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to  suppose  they  will  have  a  like  action  on  the  reproductive  bodies 

in  question. 

Prepare  the  solution  of  hyposulphite  of  soda  by  dissolving  1 
pound  of  the  hyposulphite  in  10  gallons  of  water.  Apply  with  a 
convenient  force-pump  having  a  spraying  nozzle  of  fine  aperture. 

The  action  of  this  remedy  is  immediate,  hence  it  is  necessary  to 
apply  it  frequently  during  the  season. 

The  sulphate  of  copper  solution  with  carbonate  of  soda  (described 
on  page  331),  or  the  following  solution  of  ammonia  calcarbonate  of 
copper  may  be  useful  in  treating  this  disease :  In  1  quart  of  liquid 
ammonia  dissolve  3  ounces  of  carbonate  of  copper,  then  dilute  to  20 
gallons. 

These  preparations  of  copper  salts  should  be  applied  in  the  same 
manner  as  the  hyposulphite  of  soda  solution.  They  adhere  very 
strongly  to  the  foliage,  and  as  the  copper  they  contain  dissolves  very 
slowly  their  preventive  action  against  the  fungus  lasts  for  a  long 
time. 

A  solution  of  sulphide  of  potassium  or  “liver  of  sulphur”  has 
been  employed  in  combating  the  blight  of  the  strawberry  with  en¬ 
couraging  results.  Mr.  R.  E.  Buffum,  of  the  University  of  Virginia, 
writes : 

I  sprinkled  the  strawberry  plants  with  a  solution  made  by  dissol  ving  1  ounce  of 
sulphide  potassium  in  8  gallons  of  water,  repeating  the  operation  several  times 
before  the  berries  ripened.  This,  I  think,  had  a  beneficial  effect,  as  there  was  certainly 
a  marked  decrease  in  the  amount  of  blight. 

Prof.  J.  C.  Arthur  states  in  the  Sixth  Annual  Report  of  the  New 
York  Agricultural  Experiment  Station,  page  351,  that— 

A  part  of  a  bed  of  Sharpless  strawberries  was  sprayed  four  times  with  a  solution 
of  sulphide  of  potassium  (one-half  ounce  to  1  gallon  of  water)  with  the  object  of  hold¬ 
ing  in  check  the  spotting  of  the  leaves,  due  to  the  fungus  Ramularia  Tulasnei . 
often  described  as  “  sun-bum.”  The  object  sought  was  attained,  as  that  part  of  the 
bed  took  on  a  more  vigorous  growth  and  showed  fewer  spotted  leaves  than  the  re¬ 
mainder.  In  fact,  the  difference  between  the  sprayed  and  unsprayed  portions  was 
so  marked  that  it  seems  unsafe  to  ascribe  it  wholly  to  the  fungicide,  it  being 
oetter  to  content  one  s  self  with  the  strong  indication  that  the  sulphide  is  likely  to 
P£?v.e  a  serviceable  preventive  of  this  disease,  and  to  leave  the  question  of  its  full 
efficiency  to  be  determined  by  future  trials. 

As  the  value  of  whatever  remedy  may  be  employed,  depends  en¬ 
tirely  upon  its  power  to  prevent  the  germination  of  the  conidia  of 
the  fungus,  the  necessity  of  making  the  applications  early  is  obvious. 
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2. — Apple  Scab. 


Fusicladium  dendriticum. 


(Plate  II.) 


(fi)  GENERAL  OBSERVATIONS. 


The  disease  of  the  apple  caused  by  the  fungus  parasite  Fusicladium 
dendriticum,  has  long  been  known  to  growers  of  this  fruit  as  “Apple 
Scab.”  Less  frequently  we  hear  it  spoken  of  as  “black  spot,”  or 
simply  spot  disease  of  the  apple,  or,  when  on  the  foliage,  “  leaf 
blight”  or  “leaf  mildew.”  It  has  been  known  to  botanists  fora  long 
time  and  has  received  many  Latin  names,  but  the  one  here  adopted 
has  been  generally  employed  b^  mycologists  since  1869. 

The  distribution  of  this  disease  is  co-extensive  with  the  cultivation 
of  the  fruit  which  it  attacks,  although  there  may  be  a  few  favored 
localities  where  it  has -not  yet  appeared.  Throughout  the  Eastern 
’  and  Central  States  one  is  almost  certain  to  find  it  in  every  orchard, 
and  on  the  Pacific  slope  in  California  it  is  also  frequent.  For  more 
than  fifty  years  it  has  been  known  in  Europe.  It  has  become  a  serious 
pest  in  Australia,  and  we  now  possess  reports  of  its  presence  in  New 
Zealand. 

Closely  allied  species,  or,  perhaps,  only  forms  of  the  Apple  Scab 
fungus,  infest  our  native  thorn  trees  and  other  natives  botanically 
related  to  the  apple. 

A  fungus  of  such  economic  importance  has,  as  may  well  be  sup¬ 
posed,  received  much  attention  from  our  horticultural  writers,  and 
numerous  papers  relating  to  it  are  scattered  through  our  horticult¬ 
ural  journals  and  the  reports  of  horticultural  and  agricultural 
societies.  Some  of  the  more  important  of  these  are  mentioned  below. 

For  a  long  time  the  fungus  on  the  leaf  causing  the  “leaf  blight” 
or  “leaf  mildew”  and  that  on  the  fruit  causing  the  “scab”  were  re¬ 
garded  as  distinct  species.  It  was  suggested  by  Prof.  M.  C.  Cooke 
in  1873  that  they  were  identical,  and  subsequent  investigations  have 
fully  confirmed  this  view. 

(b)  EXTERNAL  CHARACTERS  OF  APPLE  SCAB. 

On  the  leaves. — There  first  appear  very  small  olive-green  spots 
with  a  definite  and  rounded  outline  (Fig.  2).  As  these  increase  in 
size,  their  surface  assumes  a  velvety  appearance  and  their  borders 
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become  more  or  less  irregular.  The  older  spots  vary  from  one-eighth 
to  one-half  an  inch  in  diameter ;  frequently  two  or  more  spots  may 
run  together,  forming  large  irregular  blotches.  Although  most  fre¬ 
quent  on  the  upper  surface  of  the  leaf  the  spots  sometimes  appear  on 
the  under  side,  and  the  fungus  often  extends  to  the  leaf  petioles  and 
young  twigs,  covering  these  parts  with  its  dark,  olive-green,  velvety 
growth.  When  examined  closely  with  a  hand  lens  the  spots  on  the 
leaves  are  seen  to  be  made  up  of  irregular  threads  radiating  in  all 
directions  from  a  common  center. 

On  the  f  ruit  (Fig  1). — The  development  of  the  spots  on  the  fruit 
is  similar  to  that  which  takes  place  on  the  foliage.  They  start  from 
a  center  of  infection  and  usually  preserve  a  more  or  less  rounded 
outline.  As  they  increase  in  size  the  ruptured  cuticle  appears  as  a 
light-colored  ring  around  their  borders,  and  frequently  hakes  of  the 
cuticle  adhering  to  their  surfaces  imparts  to  them  a  more  or  less 
grayish  appearance.  The  greatest  vigor  of  the  fungus  is  towards 
the  margins  of  the  spots,  the  central  portion  sometimes  dying,  and 
the  apple  beneath,  in  its  efforts  to  recover  from  the  disease,  forms  a 
corky  layer  which  appears  as  a  roughened,  russet-like  surface. 


(c)  EFFECTS  AND  LOSSES. 


Through  the  action  of  the  parasite  on  the  leaves  there  is  an  une¬ 
qual  development  in  the  two  surfaces,  causing  a  greater  or  less  dis¬ 
tortion  of  these  organs  and,  when  badly  affected,  their  power  of 
assimilation  is  destroyed.  Its  injury  to  the  twigs  or  young  shoots, 
when  these  are  attacked,  is  often  quite  serious  in  its  character.  It 
is  on  the  fruit,  however,  where  it  produces  the  dark  olive-green  or 
black  spots  so  well  known  to  every  oachardist  as  “  Apple  Scab/’  that 
the  fungus  causes  the  greatest  injury.  At  no  period  of  its  growth 
is  the  apple  exempt  from  the  attacks  of  this  parasite,  but  the  most 
damage  is  occasioned  when  the  fruit  is  infested  early  in  the  season. 
Sometimes,  when  the  apples  are  no  larger  than  peas,  the  fungus  of 
the  scab  may  be  found  upon  them,  not  infrequently  enveloping  their 
entire  surface,  and  practically  checking  all  further  development. 
When  less  severely  attacked  the  apples  may  continue  to  grow,  even 
to  maturity,  but  the  result  is  knobby,  misshapen  fruit  of  inferior 
quality.  If  the  attack  is  made  towards  the  close  of  the  season  the 
fruit  may  attain  its  full  proportions  and  quality  of  flavor,  but  the 

spots,  disfiguring  its  surface,  render  it  unsightly  and  depreciate  its 
market  value. 


Under  ordinary  circumstances  there  are  some  varieties  which 
escape  the  scab,  but  income  seasons,  however,  it  respects  neither  con- 
(Qm?n  °t  soil,  mode  of  culture,  nor  variety  of  fruit. 

Ihe  varieties  reported  to  be  comparatively  free  from  the  disease 
are  the  Russets,  Ben  Davis,  Winesap,  Willow  Twig,  Jonathan,  Rawle  s 
Janet,  Smith  s  Cider,  Maiden’s  Blush, Grimes’  Golden,  York  Imperial, 
y  Greening,  Sops  of  Wine,  Duchess. 

I  nose  especially  subject  to  its  attacks  are  White  Winter  Pearmain, 
1  untsman,  in  prtliern  Spy,  Early  Harvest,  Carolina  Red  June,  Fa- 
meuse,  Baldwin,  Hass,  etc. 

•  ^  milst  be  said  however,  that  varieties  notably  free  from  disease 

i  no  section  when  grown  in  some  other  locality  more  or  less  re¬ 
mote  may  scab  badly. 

f lfl0Wer  C0“es  inp  the  markets  in  Washington  nearly  free 
irom  scab  some  seasons,  while  in  others  it  is  very  badly  affected,  and 
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the  same  fact  has  been  observed  in  regard  to  some  of  the  varieties 
named  in  both  the  above  lists. 

In  response  to  letters  sent  out  by  this  section  relative  to  the  prev¬ 
alence  of  “scab,”  a  number  of  prominent  horticulturists  in  differ¬ 
ent  sections  of  the  country  have  furnished  interesting  information 
relative  to  the  extent  of  the  injury  occasioned  by  the  disease,  varie¬ 
ties  affected,  etc.  In  several  States  the  extent  of  loss  is  reported  to 
amount  to  fully  one-half  of  the  crop,  while  reports  from  other  States 
place  the  annual  loss  at  from  one-fourth  to  one-sixth  of  the  crop. 

A.  J.  Hammond,  secretary  of  the  Illinois  Horticultural  Society, 
estimates  the  loss  from  this  cause  in  each  county  in  his  State  at 
20,000  bushels,  which,  at  20  cents  per  bushel,  gives  a  loss  of  $4,000  per 
county,  or  about  $400,000  for  the  entire  State.  Secretary  Goodman, 
of  Missouri,  estimates  the  loss  in  his  State  to  be  one-half  the  crop. 
Secretary  Brackett,  of  Kansas,  places  the  annual  loss  in  that  State, 
one  year  with  another,  at  one-fourth  of  the  crop.  Mr.  Ragan,  sec- 
retary.of  American  Bornological  Society,  places  the  annual  loss  from 
Apple  scab  in  Indiana,  at  about  one-sixth  of  the  crop. 

Under  date  of  November  11,  1886,  Mr.  Charles  S.  Pope,  president 
of  the  Maine  Bornological  Society,  writes  as  follows: 

Five  years  ago  our  individual  loss  from  this  disease  was  at  least  $1,000,  and  this 
year  we  hear  of  injury  to  the  apple  crop  from  this  cause  ill  many  parts  of  the  State. 
The  apples  begin  to  show  the  “scab”  before  they  are  half -grown,  and  frequently 
all  growth  is  stopped,  and  the  fruit  shrivels  and  becomes  worthless.  If  not  badly 
affected  the  fruit  makes  fair  growth,  but  it  is  so  much  injured  that  the  apples  begin 
to  decay  under  the  spots  early  in  the  season. 

Perhaps  you  may  think  that  I  exaggerated  a  little  when  I  stated  that  we  lost 
$1,000  in  one  season  from  this  disease,  but  I  will  show  you  how  I  arrived  at  my 
conclusions.  In  1881  we  harvested  nearly  3,000  bushels  of  Baldwins,  of  which 
about  2,000  bushels  were  so  badly  affected  that  we  kept  them  in  separate  bins,  and 
not  over  half  of  them  were  suitable  for  No.  1  apples;  the  diseased  apples  were  sold 
for  25  cents  less  per  barrel  than  the  best  ones.  Now,  the  affected  apples  were  not 
more  than  half -grown  ;  in  fact,  the  apples  on  many  trees  were  so  small  that  we  shook 
them  off  and  threw  them  in  with  the  cider  apples.  We  sold  the  2,000  bushels  of 
affected  apples  for  about  $1,200;  had  they  been  free  from  “  scab”  and  attained  full 
size,  or  4,000  bushels,  they  would  have  been  worth  from  $3,000  to  $3,500.  With 
this  estimate  the  loss  was  more  than  $2,000.  I  call  to  mind  one  season  when  we 
lost  more  than  half  our  crop  about  midwinter  by  rotting.  The  apples  began  rot¬ 
ting  under  the  “scab”  spots  and  eventually  the  fruit  entirely  decayed. 

(d)  THE  CONDITIONS  FAVORING  THE  DEVELOPMENT  OF  THE  SCAB. 

Tlie  fungus  of  the  Apple  Scab  appears  to  be  retarded  in  its  devel¬ 
opment  by  the  heat  of  summer.  Its  most  rapid  growth  takes  place 
during  moist,  cool  weather,  such  as  usually  prevails  during  the  early 
months  of  spring  or  autumn.  It  may  be  observed  that  spots  which 
during  the  hot  summer  months  remain  brown,  at  the  approach  of 
cool  weather  assume  the  olive-green,  velvety  appearance  indicating 
a  renewed  activity  on  the  part  of  the  fungus.  The  parasite  doubt¬ 
less  retains  its  vitality  through  the  winter,  both  on  the  twigs  in  the 
orchard  and  on  the  fruit  which  it  infests.  W e  have  seen  specimens 
of  the  latter  in  midwinter  in  the  markets  of  Washington  covered 
with  spots  on  which  the  fungus  was  in  a  most  flourishing  condition. 
From  the  ease  with  which  we  know  it  can  be  propagated  to  healthy 
fruit,  and  from  the  appearance  of  apples  in  the  public  markets  in  the 
winter  and  spring  months,  we  believe  that  the  disease  may  spread 
after  the  fruit  has  been  harvested  and  placed  in  storage.  It  is  a  well- 
known  fact  that  apples,  after  being  gathered  and  stored,  undergo  a 
sweating  process,  and  if  healthy  and  diseased  fruit  are  in  contact 
during  this  period,  infection  of  the  former  is  very  likely  to  follow. 
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It  is  also  well  known  that  the  “  scab  ”  fungus  is  most  severe  in  its  at¬ 
tacks  in  seasons  when  damp,  cold  weather  prevails  at  the  time  the 
fruit  is  forming.  ^  In  the  spring  of  1885  the  young  fruit  was  closely 
watched  for  the  first  appearance  of  the  ‘ 4 scab”  by  my  assistant,  Mr. 
Galloway,  then  at  Columbia,  Mo.  It  was  noted  that  at  the  time 
the  young  apples  were  about  the  size  of  peas  a  period  of  cold,  damp 
weather  set  in.  ^  In  a  few  days  many  of  the  varieties  showed  plainly 
the  minute  black  specks  which  mark  the  first  appearance  of  the  fun¬ 
gus;  later  these  developed  into  the  well-known  “scab”  spots.  The 
spring  of  1886,  in  the  same  locality,  was  very  dry  and  warm,  and 
there  was  a  marked  absence  of  the  Fusidadium. 

#  Ik©  character  of  the  soil  appears  to  have  little  influence  over  the 
disease,  altnough  in.  heavy  soils,  particularly  where  the  subsoil  is  wet 
or  poorly  drained,  it  is  naturally  more  prevalent  than  in  light  or 
well  drained  lands.  A  damp,  cool  atmosphere  rather  than  an  ex¬ 
cess  of  moisture  with  heat  appears  to  be  most  favorable  for  the  devel¬ 
opment  of  this  malady. 

(e)  BOTANICAL  CHARACTERS. 


Mycelium. — In  thin  sections  the  mycelium  or  plant  body  of  the 
fungus  the  vegetative  portion — -appears  like  a  dense  mass  of  tissue 
composed  of  dark  brown-walled  ceils.  It  does  not  penetrate  the  tis¬ 
sues  oi  the  host,  but  grows  between  the  cuticle  and  the  epidermis.  It 
sometimes  occupies  the  ceils  of  the  epidermis,  especially  in  the  fruit, 
and  not  infrequently  the  epidermal  layer  is  entirely  destroyed  by  it’ 
the  fungus  resting  directly  on  the  tissues  beneath.  Its  effects  are 
confined  to  a.  few  underlying  layers  of  cells.  These  are  shrunken 
and  have  their  walls  and  contents  browned.  The  growth  of  the  fun¬ 
gus  soon  distends  and  breaks  the  epidermis.  From  the  exposed  sur¬ 
face  there  arise  short  . (40/Go  50//.)  upright  brown  threads  upon  which 
the  reproductive  bodies  or  spores  are  borne  (Fig.  3). 

Reproductive  bodies. — The  spores  (Fig.  4)  are  of  the  same  color  as 
. he  upright  threads  or  stalks  supporting  them.  They  are  usually  oval 
:n  outline,  though  not  infrequently  egg-shaped  or  pear-shaped,  and 
rary  a  good  deal  in  size.  Their  average  dimensions  are  10//  by  20//. 
.^eneraJy  simple  or  one-celled,  they  are  occasionally  divided  into  two 
cem;  by  . a  transverse  wall  or  septum.  Aside  from  the  power  of  re¬ 
production  which  the  fungus,  possesses  in  these  spores,  it  appears  that 
!  ne  individual  cells  composing  the  plant  body  of  the  parasite  mav 
serve  a  similar  purpose.  These,  under  favoring  conditions,  will  push 
out  germ  tubes,  if  we  may  so  apply  this  term  here,  which  develop 
Otto  new  individuals  of  the  species.  This  method  of  reproduction 

may  be  roughly  compared  to  that  by  root  cuttings  in  some  of  the 
higher  plants. 

termination  of  spores. — The  spores  germinate  rapidly  in  water,  or 
oven  in  an  atmosphere  saturated  with  moisture.  The  surface  of  man  y 
iWnSp°tS  ?n,^pe  .White  Winter  Pearmain,  purchased  in  the  Wash- 
,  A1 -;on  mapAt  ui  December,  were  found  to  be  covered  with  vast  num- 

sP°*’es>  the  filamentous  germ  tubes  everywhere 

sTwpfh  10  Sp0t,S  vigorous  growth.  The  appearance  of 

spores  m  germination  is  illustrated  in  Fig.  4,  Plate  II. 

tubes  are  rather  thick,  nearly  of  the  same  color  as  the 

end  of  !HqUe+nily  dlvlded  by  cross- walls  or  septa.  When  the  free 

L  £GT m  uiibe  comes  m  contact  with  any  obstruction  it  usually 
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thickens  and  pushes  out  lateral  or  side  branches  from  the  swollen 
points. 

A  number  of  experiments  have  been  made  in  the  laboratory  in 
germinating  the  spores  of  Fusicladium  in  various  solutions  and  at 
different  temperatures.  It  was  found  that  they  germinated  most 
readily  in  pure  water  at  a  temperature  of  about  50°  F. ,  the  time  re¬ 
quired  usually  being  about  eight  hours.  In  thirty  hours  the  germ 
tubes  attained  a  length  many  times  that  of  the  spore.  Under  certain 
conditions,  not  well  understood,  the  filaments  developed  secondary 
spores  at  their  tips,  and  these  in  turn  germinated  like  the  original 
spore. 

When  subjected  to  a  comparatively  high  degree  of  temperature, 
and  all  water  removed,  growth  in  the  germinating  spores  ceased,  but 
was  renewed  at  once  upon  being  restored  to  the  favoring  conditions 
of  heat  and  moisture,  even  after  the  lapse  of  four  or  five  days. 

Repeated  sowings  of  the  spores  made  in  solutions  of  sulphate  of 
copper  of  various  strengths,  showed  that  a  one-fourth  of  1  per  cent, 
solution  would  effectually  prevent  germination;  in  a  one-eighth  of  1 
per  cent,  solution  about  10  per  cent,  of  the  spores  germinated,  but 
they  made  only  a  feeble  growth. 

In  the  study  of  the  diseased  White  Winter  Pearmain,  mentioned 
above,  there  was  unmistakable  evidence  of  the  penetration  of  the  cuti¬ 
cle  by  the  germ  tubes.  As  an  experiment,  some  germinating  spores 
were  sown  on  the  healthy  surface  of  one  of  the  apples  and  then  kept 
moist  under  a  bell- jar.  In  ten  days  it  was  found  that  the  germ  tubes 
had  penetrated  the  cuticle  in  several  places,  and  made  a  considerable 
growth  in  the  cells  of  the  epidermis.  This  penetration  was  evidently 
effected  by  a  dissolving  or  eating  away  of  the  cuticle  through  some 
corrosive  action  on  the  part  of  the  germ  tubes.  The  possibility  of 
infection  of  healthy  fruit  from  that  which  is  diseased  in  the  same 
barrel  thus  appears  to  be  evident. 

This  reproduction  by  the  spores,  joined  with  the  independent 
growths  which  may  arise  from  the  individual  cells  of  the  plant  body, 
afford  ample  provision  for  the  propagation  of  the  fungus.  No  other 
form  of  this  fungus  is  known  than  that  which  we  see  in  the  “  scab  ” 
of  the  fruit  or  “  mildew  ”  of  the  leaf,  nor  does  any  other  form  seem 
to  be  necessary  for  the  continued  existence  of  the  species.  The  fun¬ 
gus  is  doubtless  perennial,  living  on  the  fallen  leaves,  but  more  es¬ 
pecially  on  the  fruit  and  young  shoots  during  the  winter,  and  the 
..ow  temperature  at  which  the  spore-formation  takes  place,  insures  its 
early  propagation  and  dissemination  in  the  spring. 

(/)  TREATMENT. 

The  fungus  of  the  Apple  Scab  does  not  penetrate  into  the  tissues  of 
the  host,  and  very  early  in  its  development  it  is  wholly  exposed  to 
any  application  which  may  be  made  to  destroy  it.  It  appears,  how¬ 
ever,  that  the  vegetative  portion  or  plant  body  of  this,  as  well  as  of 
many  other  fungi,  is  very  resistant  to  the  action  of  chemical  re-agents 
quite  as  much  or  more  so  than  are  the  tissues  of  the  leaf  or  apple  upon 
which  it  grows.  We  can  scarcely  hope,  therefore,  to  accomplish  its 
destruction,  unless  it  be  the  growths  infesting  the  young  shoots  and  the 
scales  of  buds.  Before  the  latter  expand  in  the  spring  much  stronger 
solutions  can  be  applied  than  it  is  possible  to  use  later  in  the  season, 
and  it  is  at  this  period  that  the  warfare  against  this  fungus  should 
begin.  It  has  been  observed  that  the  germination  of  the  spores  is 
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wholly  prevented  in  very  dilute  solutions  of  sulphate  of  copper,  and 
our  chief  dependence  in  combating  this  disease  appears  to  rest  upon 
this  fact— the  possibility  of  preventing  the  germination  of  the  spores 
where  they  can  do  harm.  A  practical  treatment  has  been  discovered 
by  which  we  may  prevent  the  germination  of  the  spores  of  the  downy 
mildew  of  the  grape-vine  by  applying  various  solutions  of  sulphate 
of  copper  to  the  surfaces  of  the  leaves  upon  which  the  spores  of  the 
fungus  fall.  It  is  doubtless  equally  practical  to  accomplish  by  a  simi¬ 
lar  treatment,  a  like  result  in  the  case  of  the  Fusiclaclium  of  the  apple. 
Experiments  already  made  with  the  sulphate  of  copper  solutions  indi¬ 
cate  that  they  will,  when  properly  applied,  at  once  check  the  “scab.” 
Further  and  more  systematically  conducted  experiments  are  required 
in  order  to  determine  fully  what  preparation  is  most  efficacious,  at 
what  season  it  is  best  to  make  the  applications,  and  the  strength  to 
which  the  solutions  must  be  limited.  Where  eau  celeste,  prepared 
according  to  the  original  formula,  has  been  tried  -it  has  severely 
burned  and  injured  the  foliage.  This  preparation  may  be  rendered 
less  caustic  by  the  addition  of  ordinary  carbonate  of  soda,  or  by 
being  prepared  as  directed  on  page  331. 

Another  and  more  simple  modification  of  the  eau  celeste  is  pre¬ 
pared  by  dissolving  in  1  quart  of  liquid  ammonia  4  to  (5  ounces  of  car¬ 
bonate  of  copper,  then  dilute  with  water  to  25  gallons.  The  ammonia 
and  carbonate  of  copper  solution  may  be  kept  in  a  bottle  and  diluted 
when  required  for  use  at  the  rate  of  about  1  ounce  of  the  solution  to 
tne  gallon  of  water.  Those  who  have  used  this  preparation  on  the 
grape-vine  say  it  is  perfectly  harmless  to  the  foliage  and  is  as  effi¬ 
cacious  against  mildew  as  eau  celeste.  It  is  simple  and  easily  pre¬ 
pared  and  is  very  strongly  adherent  to  the  foliage. 

Simple  solutions  of  sulphate  of  copper  ought  not  to  be  employed 
aurmg  the  growing  season  as  their  use  is  almost  certain  to  result  in 
injury  to  the  foliage.  The  Bordeaux  mixture  (see  page  328)  may  be 
used  at  any  time  without  fear  of  injury. 

Using  one  or  the  other  of  the  above  preparations,  the  following 
course  of  treatment  is  suggested  : 

(1)  In  early  spring,  before  the  buds  have  commenced  to  expand, 
spi&y  the  trees,  thoroughly  with  a  solution  of  sulphate  of  iron,  using 
4  po  Linds  of  the  iron  sulphate  to  4  gallons  of  water. 

( soon  F;S  the  fruit  has  set,  apply  the  Bordeaux  mixture  or 
one  of  the  modified  preparations  of  eau  celeste. 

,,  (3)  the  weather  should  be  such  as  to  favor  the  development  of 
tne  scab”  fungus,  a  third  application  should  be  made  two  or  three 
weens  after  the  second,  using  the  same  materials. 

In  addition  to  the  effect  that  these  applications  may  have  on  the 
development  of  the  fungus,  they  will  doubtless  serve  to  keep  off 
many  insect  pests. 

It6  frui1t  for  winter,  especial  care  should  be  taken  to 
a  1  t  l?1  showing  any  signs  of  the  scab  from  those 

0  ‘  A .  *1°  pSmo?th  and  healthy,  and  they  should  all  be  kept  in  rooms 
tlxh  fre?  from  moisture- 

suvlvimr1^1  S  .pimJps’  or  Field’s  force-pump,  are  good  appliances  for 
nozVleq  fm*? f  e./U  JV310I1S  auc^  eau  c°leste,  and,  substituting  the 
emu ?^10Ci  ^  for  Vermorel  nozzle,  they  may  be 

contain  i  n  o-  q-n'lSw  *  'f  t  >or(leaux  mixture.  In  employing  solutions 
of=gfl  *te  C0PPer^  f  essential  that  the  pumps  be  made 

of  leather  th  Vf  vIGS-,s^0^(V)e  mac^e  °t  rubber;  if  the  latter  are 
t  leathei  they  ought  to  be  oiled  frequently  during  the  applications. 
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Iron  is  quickly  corroded  and  leather  soon  destroyed  by  the  caustic 
action  of  the  copper  salt. 

Experiments  have  been  made  in  treating  the  Fusicladium  of  the 
apple  with  a  solution  of  hyposulphite  of  soda,  1  pound  •  of  the 
sulphite  to  10  gallons  of  water,  by  Mr.  E.  S.  Golf,  of  the  New  York 
Agricultural  Experiment  Station.  He  made  applications  to  one  tree 
only,  a  Siberian  crab,  which  had  for  several  years  been  so  much 
affected  with  the  fungus  as  to  render  the  fruit  entirely  unfit  for  use. 
Applications  were  made  to  one-half  of  this  tree  May  5,  9,  and  15. 
The  result  was  that  on  the  sprayed  pari?  of  the  tree  the  per  cent,  of 
uninjured  fruit  was  double  that  on  the  unsprayed  part,  while  the 
per  cent,  of  third  quality  or  much  injured  fruit  was  one-half  less. 

The  year  following  the  same  tree  was  again  treated,  four  applica¬ 
tions  being  made,  viz,  April  22,  May  G,  10,  17.  *  The  strength  of  the 
solutions  in  the  first  three  applications  was  1  pound  hyposulphite 
to  10  gallons  water  ;  in  the  fourth  the  solution  was  reduced  one-half. 
The  part  of  the  tree  sprayed  bore  a  fair  crop  of  medium-sized  fruit, 
while  on  the  unsprayed  side  the  apples  were  so  affected  by  the  fungus 
that  none  matured. 

This  remedy  is  cheap  and  easy  of  application,  and,  should  it  gener¬ 
ally  prove  to  be  as  effective  as  in  the  case  here  cited,  its  value  can 
scarcely  be  over-estimated.  It  does  not  possess  the  lasting  preventive 
qualities  of  the  preparations  of  sulphate  of  copper,  as  its  action  is 
immediate,  and,  other  things  being  equal,  preference  should  be  given 
to  the  copper  compounds. 
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Bitter-rot  of  Apples. 


6r loeosporium  fructigenum,  Berk.  ? 

(Plate  JII.) 

(a)  GENERAL  REMARKS,  EXTENT,  AND  SEVERITY. 

.Dining  Die  past  veai  a  number  of  fruit-growers  in  tlie  Southwest 
lia  ve  complained  of  a  rot  of  the  Apple  which  was  seriously  affecting 
tlioii  crops.  In  parts  of  Arkansas  tlie  disease  was  said  to  be  very 
injuiious,  frequently  causing  tlie  entire  destruction  of  tbe  fruit. 

_  J\ir.  J.  "W.  Beach,  a.  successful  fruit-grower  of  Batavia,  Boone 
County,  Aik.,  i elates  nis  experience  with  this  disease  as  follows: 

'  IxCan1ie  t°  *!“?  hountPin  1884,  and  that  season  there  were  four  trees  in  my  old 
orchard  affected,  two  of  which  were  Fameuse.  The  man  from  whom  I  purchased 
my  place  told  me  that  the  Fameuse  had  always  been  subject  to  the  rot.  For  the 
last  three  years  the  disease  has  steadily  increased,  so  that  this  year  (1887)  my  old 
orchard  of  7o  trees  will  not  yield  25  bushels  of  sound  apples.  I  have  talked  with' 
a  great  many  orchardists  m  regard  to  the  trouble,  and  they  all  agree  in  the  opinion 
that  the  old  orchards  are  the  most  affected.  I  have  lately  visited  fine  orchards  of 

diseased8  °"  trGeS’  m  no  case  ca(*  1  fruit  perfect;  all  were  more  or  less 

From  the  information  received  it  appears  that  tbe  rot  usually  be- 
gms  early  in  the  summer  and  increases  as  tbe  season  advances.  When 
once  affected  tbe  fruit  never  recovers,  but  continues  to  decay  until 
completely  destroyed. 

Tbe  rot  may  develop  after  tbe  apples  are  harvested  and  stored  for 
ilie  winter,  and  also. spread  from  tbe  diseased  to  tlie  bealtby  fruit  by 
contact. .  All  varieties  are  alike  attacked,  and  tbe  development  of  tbe 
malady  is  not  influenced  by  tbe  system  of  cultivation  pursued  or  bv 
tbe  character  of  tbe  soil.  At  Denison,  Tex.,  our  attention  was  called 
to  tins  disease  tlirougb  tbe  large  amount  of  fruit  destroyed  by  it.  It 
begun  while  the  apples  were  yet  upon  tbe  tree,  and  in  some  cases  the 
brown  patches  on  tbe  fruit  suggested  tbe  idea  that  they  might  result 
i  om  sun  scald,  but  an  examination  of  tbe  diseased  tissues,  as  well  as 
S^m?e.(1Uent•^ievelo^)ments,  to  another  cause. 

Ibis  rot  is  caused  by  a  fungus  that  belongs  to  a  group  tbe  mem- 
iers  of  winch  are  frequently  quite  destructive,  one  species  causing 
ie  socaDed  anthracnose  of  the  vine,  while  another  attacks  the 
raspberry  and  blackberry.  Tbe  members  of  the  group  as  a  whole, 
An°7n  botanists  as  Hyalosporce,  and  the  species  which  causes 
Thf  iApio  Iot  we  ar?  describing,  we  think  is  Gleosporiumf  ructiqenum , 
°°  far  a?  ^  ^Y.e  Peen  able  to  discover,  the  first  account  of  this 
p  y1,18  was  published  in  tbe  Gardener’s  Chronicle  by  the  Rev.  M.  J. 

than  thirty  years  ago.'"  Several  subsequent  writers 
i  plant  diseases  have  briefly  referred  to  it. 

ofVlm<TTmfn<^  J?de"sPread  as  this  disease  seems  to  be  in  certain  parts 

any  record^  ^tat?s^  we  d?  n,ot  find  in  tlie  works  of  our  mycologists 
any  recoid  of  the  fungus  that  causes  it. 

(b)  EXTERNAL  CHARACTERS. 

brownish  tf'l '  app^e  shows  one  or  more  black  or,  usually, 

their  sbkfP  n  any  part  of  tlle  surface;  as  these  gradually  enlarge 
theirshape  becomes  more  or  less  circular  and  their  borders  somewhat 

Gardener’s  Chronicle,  1856,  page  245, 
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sharply  defined.  Sometimes  the  spots  coalesce  or  run  together,  and 
in  this  manner  the  entire  apple  is  soon  affected.  Toward  the  center 
of  the  diseased  spot  there  is  usually  a  very  dark,  frequently  almost 
black,  discoloration. 

Upon  close  examination  it  is  seen  that  the  darker  portions  are 
studded  with  minute  black  points,  which  are  slightly  raised  above 
the  surrounding  tissue,  imparting  to  their  surfaces  a  somewhat  rough¬ 
ened  appearance;  occasionally  these  points  are  arranged  in  circles  or 
grouped  in  little  clusters. 

On  cutting  through  a  diseased  apple  while  the  spots  are  small  it 
is  seen  that  the  decaying  tissue  extends  to  quite  a  distance  into  the 
fruit,  and  as  the  growth  of  the  fungus  continues  the  entire  apple  soon 
becomes  a  soft,  yellowish-brown  mass. 

(c)  BOTANICAL  CHARACTERS  OF  THE  FUNGUS. 

The  body  of  the  parasite,  or  the  mycelium,  consists  of  slender 
threads,  which  push  their  way  through  the  tissue  of  the  fruit  and 
destroy  the  parts  with  which  they  come  in  contact.  These  threads 
vary  in  size  and  color.  At  first  they  are  nearly  transparent ;  later, 
h  owever,  they  become  darker,  and  when  old  they  are  usually  brown¬ 
ish-black  and  somewhat  thickened. 

Frequently  the  thicker  tubes  send  out  lateral  branches,  which  are 
at  first  colorless.  These  are  divided  by  more  or  less  frequent  trans¬ 
verse  partitions  or  septa,  and  soon  assume  the  usual  brownish  color. 
The  walls  of  the  tubes  are  constricted  at  the  septa,  so  that  when  the 
latter  are  roughly  handled  they  frequently  break  apart  at  these 
points.  In  the  process  of  growth  the  mycelial  threads  become 
thickly  matted  and  interlaced  at  certain  points,  and  as  these  mats 
become  more  compact  they  gradually  take  a  more  or  less  globose 
shape.  Transverse  sections  through  a  portion  of  a  diseased  spot 
will  reveal  these  little  rounded  masses  in  all  stages  of  development. 

Their  formation  begins  at  a  point  some  distance  beneath  the  epi¬ 
dermis,  and  as  they  continue  to  enlarge  they  finally  rupture  the  lat¬ 
ter  and  appear  on  the  surface  in  the  form  of  the  minute  black  specks 
already  described;  A  thin  transverse  section  through  one  of  the 
mature  black  pustules  shows  their  structure.  With  the  aid  of  the 
microscope  it  is  seen  that  they  consist,  for  the  most  part,  of  compact, 
dark-colored,  many-septate  threads,  which  are  arranged  with  their 
ends  pointing  towards  or  frequently  protruding  through  the  ruptured 
cuticle.  Before  the  cuticle  is  ruptured  this  arrangement  is  not  so 
apparent  as  the  mass  at  this  time  has  a  rounded  form.  When  the 
cuticle  is  torn,  however,  the  hitherto  globose  mass  sjjreads  out  and 
becomes  somewhat  fan-shaped  above  (see  Fig  2). 

Upon  the  tips  of  the  closely-compacted  threads  spores,  or  repro¬ 
ductive  bodies,  are  borne  (Fig.  3).  These  are  colorless,  or  nearly  so, 
and  somewhat  variable  in  shape ;  usually,  however,  they  are  more  or 
less  cylindrical,  rounded  at  each  end,  and,  occasionally,  somewhat 
curved  (Fig.  3,  B). 

Each  thread  develops  a  single  spore,  but  the  former  are  so  thickly 
compacted  that  an  immense  number  of  the  latter  are  developed  in 
each  pustule.  When  sown  in  water  the  spores  germinate  within 
ten  hours  by  sending  out  one  or  more  rather  thickish  germ  tubes 
(Fig.  5).  When  first  sown  there  are  usually  no  signs  of  nuclei  in 
the  spores.  Just  before  germination,  however,  nuclei  (or  vacuoles) 
appear,  and  the  contents  of  the  spore  become  granular. 
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The  germ  tubes  continue  to  increase  in  length  without  further 
change  for  about  twenty  hours,  when  there  appear  upon  the  free  ends 
slight  swellings,  which  gradually  enlarge  and  become  more  or  less 
globular  and  dark  colored.  'When  full  grown  these  bodies  are  about 
8y  in  diameter,  and  soon  after  attaining  this  size  they  germinate  in  a 
manner  similar  to  that  of  the  original  spore. 

The  tubes  from  these  secondary  spores  continue  growing  and  ulti¬ 
mately  develop  the  same  kind  of  bodies  from  which  they  were  de¬ 
rived,  and  this  process  continues  as  long  as'  moisture  and  heat  are 
furnished  (Fig.  4). 

On  the  18th  of  November,  1887,  spores  taken  from  a  diseased  apple 
were  sown  in  several  places  upon  the  cut  surface  of  a  healthy  Wine- 
sap.  Spores  were  also  sown  at  the  same  time  upon  the  uninjured 
surface  of  the  same  specimen.  Six  days  later  the  brown  spots  where 
the  spores  were  sown  upon  the  cut  surface  were  one-half  an  inch  in 
diameter,  while  no  effect  whatever  was  produced  where  the  sowings 
were  made  upon  the  uninjured  surface.  These  experiments  were 
repeated  a  number  of  times,  but  in  no  case  did  we  succeed  in  infect¬ 
ing  the  apple  where  the  spores  were  sown  upon  the  uninjured  sur¬ 
face. 

.  Infection  was  readily  secured  by  inserting  a  knife  blade  first  in  a 
diseased  apple  and  then  in  a  healthy  one.  About  eight  days  after 
the  spores  are  sown  the  little  black  pustules  usually  appear,  show¬ 
ing  that  reproductive  bodies  have  again  been  formed. 

There  is  frequently  found  at  the  base  of  the  spore-bearing  threads 
a  rather  thick  and  dark  walled  cavity  (Fig.  2),  which,  as- seen  in  a. 
cross-section,  shows  a  clear  zone  completely  filled  with  minute,  col¬ 
orless,  oblong .  bodies  borne  upon  slender,  transparent  basidia  or 
stalks  that  spring  from  the  surrounding  walls. 

These  sacs  or  conceptacles  are  called  pvcnidia,  a  name  determined 
by  their  contents.  What  may  be  their  role  in  the  economy  of  the 
fungus  is  a  matter  of  question.  It  is  probable,  however,  that  they 
aid  in  some  way  in  the  propagation  of  the  fungus.  The  spore¬ 
bearing  .threads  first  described,  spring  directly  from  the  walls  of  the 
Pycnidia,  and  it  is  probable  that  they  live  through  the  winter  in  the 
decaying  fruit,  as  we  have  found  them  in  abundance  in  January,  and 
at  this  date  they  developed  a  great  number  of  spores  when  placed  in 
a  warm,  moist  atmosphere. 

From  the  foregoing  account  of  the  disease  and  its  cause,  it  will  be 
readily  understood  that  we  have  a  dangerous  foe  to  contend  with, 
out  with  our  present  limited  knowledge  of  its  habits  it  is  impossible 
to  suggest  means  of  combating  it. 


4. — The  Rust  of  Beets. 

TJromyces  betce,  Pers. 

(Plate  HI.) 

(a)  GENERAL  OBSERVATIONS. 

f  7  P,X\Rease  is  not  a  new  one  to  other  countries,  and  the’  life  his- 

pnX  L  ifiecQParf-ite^ansing  U  was  followed.  through  by  Kuhn  as 
i  p  ‘  ‘  loG'  ’  tlie  summer  form  was  described  as  ITredo  betce 

X  ^hter  stage  as  TJromyces  betce  bv  Tulasne 

eailiei  than  this,  the  discovery  of  the  eecidio-stage  is  due  to  Kuhn 
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(1869).  It  is  a  well-known  malady  both  in  France  and  Germany,  but 
is  not  serious  enough  to  call  forth  much  notice  in  the  agricultural 
journals.  This  is  probably  due  to  the  fact  that  it  occurs  only  in  iso¬ 
lated  places  and  is  easily  controlled;  for  it  attacks  both  the  sugar 
and  fodder  beets,  and  the  diseased  leaves  soon  turn  yellow  or  brown* * * § 
and  are  not  even  good  for  fodder.  It  is  supposed  that  it  somewhat 
diminishes  the  amount  of  sugar  produced  in  the  countries  where  it 
exists;  and  a  French  scientific  workf  of  1878  states  that  it  had  been 
on  the  increase  for  several  years. 

(6)  THE  DISEASE  IN  CALIFORNIA.  \ 

In  September,  1887,  at  Orange,  in  the  southern  part  of  California, 
the  leaves  of  the  cultivated  Beet  were  found  attacked  by  this  Beet  rust. 
The  infested  leaves  were  thickly  dotted  with  powdery,  round  or  oval, 
raised,  reddish-brown  spots,  surrounded  by  a  white  rim  formed  of 
the  ruptured  epidermis,  and  varying  in  size  from  mere  points,  scarcely 
visible  to  the  naked  eye,  to  spots  slightly  over  a  millimeter  in  diam- 
eter=  They  were  irregularly  distributed  over  both  surfaces  of  the 
leaf,  sometimes  occurring  exactly  opposite  each  other.  Some  of  the 
spots  were  surrounded  by  a  small  area  of  dead  tissue. 

Dr.  Byron  D.  Halsted  §  states  that  he  found  this  rust  at  Santa  Bar¬ 
bara,  where  it  “  was  making  much  trouble  for  the  market  gardeners. 
In  some  places  every  leaf  of  the  plant  was  badly  infested  and  whole, 
rows  of  beets  were  dwarfed  and.  discolored  by  the  parasite.  The  pest 
was  found  in  its  worst  form  on  the  escaped  plants  which  in  some 
places  almost  cover  the  moist  low  ground.” 

(c)  MICROSCOPICAL  CHARACTERS  OF  THE  FUNGUS  OF  BEET  RUST. 

Upon  examination  with  the  microscope  these  effects  were  found  to 
be  caused  by  a  fungus  belonging  to  the  family  Uredinece.  Investi¬ 
gations  of  many  members  of  this  group  by  various  observers  have 
demonstrated  that  they  are  polymorphic,  i.  e. ,  possessing  two  or  more 
forms  of  spores  or  reproductive  bodies,  and  these  forms  may  or  may 
not  develop  upon  different  hosts.  In  the  case,  of  the  fungus  of  the 
rust  in  question,  all  these  forms  are  found  upon  the  same  host,  each 
kind  having  a  particular  time  of  the  year  for  its  appearance,  follow¬ 
ing  a  regular  succession  in  development. 

JEcidio-stage. — The  form  which  occurs  earliest  is  the  secidio-stage. 
This  has  two  kinds  of  receptacles,  the  eecidia  and  the  spermogonia, 
the  latter  appearing  slightly  earlier  than  the  former.  These  forms 
appear  in  the  spring  upon  the  leaves  and  petioles,  developing  just 
beneath  the  cuticle.  They  at  first  form  raised  places  upon  their  sur¬ 
faces.  The  epidermis  is  soon  ruptured  and  the  spermogonia  and 
secidia  are  exposed,  appearing  as  clusters  of  spores  surrounded  by  a 
white  envelope  having  the  shape  of  a  bowl  or  cup.  The  secidio- 
spores  are  orange-yellow,  arranged  in  chains,  and  set  so  close  together 
that,  by  mutual  pressure,  they  have  a  polygonal  form.  These  secidio- 
spores  are  developed  from  short,  upright  basidia  at  the  base  of  the 
cup.  When  brought  upon  the  surface  of  the  leaf,  under  favorable 

*  Frank,  Die  Krankheiten  der  Pflanzen. 

f  Jubainville  et  Vesque. 

fits  presence  in  California  is  noted  by  Rev.  J.  E.  Vize,  in  Grevillea,  Vol.  V, 
(1876-’77),  p.  110. 

§  Bulletin  from  the  botanical  department  of  the  Iowa  State  Agricultural  College, 
1888,  p.  115. 


352  REPORT  OF  THE  COMMISSIONER  OF  AGRICULTURE. 


conditions,  they  give  rise  to  germinating  filaments  which,  enter  the 
leaf  through  the  stomata  and  form  a  mycelium  in  its  tissues.  In  its 
growth  this  mycelium  winds  through  the  intercellular  spaces  (Plate 
III,  Pig.  10),  and  obtains  sufficient  food  for  its  development  by  means 
of  haustoria  which  it  sends  into  the  cells.  * 

Uredo-stage. — At  a  definite  period  these  mycelium  threads  form 
compact  masses  in  certain  places  beneath  the  epidermis,  and  from 
these  xpasses  arise  short,  upright  hyphse  or  basidia,  each  of  which 
bears  a  single  spore  upon  the  end  (Plate  III,  Pig.  10).  The  spores,  in¬ 
creasing  in  number  and  size,  rupture  the  epidermis  (Fig.  10  5),  and 
when  ripe  escape  by  falling  from  their  basidia,  which,  in  this  case, 
are  known  as  pedicels  (Fig.  10  d  d).  This  is  the  summer  or  uredo 
form  of  the  fungus,  and  its  external  appearance  has  been  already  de¬ 
scribed. 

The  uredospores  (Fig.  11)  are  round  or  ovate,  dark  yellow,  with  a 
somewhat  thickened  wall  and  an  echinulate  surface,  upon  which  one 
or  two  bright  places  may  be  seen.  These  bright  spots  are  caused  by 
perforations  in  the  endospore  or  inner  layer  of  the  wall,  and  it  is 
through  these  perforations  that  the  young,  growing  hypha  protrudes 
in  germination  (Fig.  11  a). 

Teleuto-stage. — These  germ  filaments  bore  through  the  epidermis* 
and^  form  a  mycelium  like  that  developed  from  the  aecidiospores 
in  form,  manner  of  growth,  and  function.  The  uredospores  are 
produced  in  this  manner  for  several  generations,  but  as  autumn  ad¬ 
vances  spores  of  another  character  appear  among  them.  This  third 
form  is  also  unicellular,  but  darker  in  color  and  thicker  walled  than 
either  of  the  others.  It  has  a  smooth  surface,  and  opposite  to  the 
attachment  of  the  pedicel  there  is  a  thin  place  in  the  wall  that  affords 
a  point  of  least  resistance  to  the  germinating  hypha.  When  ripe 
these  spores  fall  off,  carrying  with  them  the  pedicels  which  become 
detached  from  the  stoma  beneath.  The  name  teleutospores  is  ap¬ 
plied  to  this  third  form,  and  they  may  occur  mingled  with  the  uredo¬ 
spores  or  form  independent  spots.  In  the  latter  case  they  occur  upon 
the  petiole,  f  The  teleutospores  are  the  resting  or  winter  spores  of 
the  fungus,  and,  although  appearing  in  the  fall,  they  do  not  germi¬ 
nate  until  the  following  spring  after  a  winter  period  of  rest.  The 
germinating  tube  pushes  through  the  thin  place  in  the  wall  opjiosite 
the  point  of  attachment  of  the  pedicel  and  forms  a  short  branched 
hypha  or  promycelium.  From  the  end  of  each  branch  small  buds  or 
sporidia  are  cut  off  by  a  special  process.  These  are  capable  of  germi¬ 
nating  and  producing  a  mycelium  in  the  plant  tissues,  and  this  in 
turn  reproduces  the  spermogonia  and  gecidia,  thus  completing  the 
alternation  of  generations. 

i  ^  be  seei*  that  the  life  history  of  this  fungus  is  the  same  as 
.hat  of  other  [ Jredinece ,  but  it  differs  from /the  other  genera  of  this 
gioup  m  that  its  winter  spores  are  unicellular.  It  closely  resembles 
Uromyces  rumicum,  found  upon  sorrel,  but,  so  far  as  known,  it  has 
never  been  found  upon  any  host  but  the  Beet,  and  this  renders  the 
matter  of  subduing  it  comparatively  easy.  Since  the  teleutospores 
v  o  no  ,  make  their  appearance  until  autumn,  and  as  the  carrying 
, 1C  .'^ps  °}TJr'r  winter  is  believed  to  depend  upon  the  teleuto- 
spoies  the  thrifty  cultivator  will  watch  for  the  earlier  stages  of  the 


■  Sorauer,  Pflanzenkrankheiten. 

T  Frank,  Die  Krankheiten  der  Pflanzen. 
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fungus  and  carefully  collect  all  leaves  showing  any  sign  of  infec¬ 
tion  and  burn  or  otherwise  destroy  them. 

(d)  TREATMENT. 


We  are  not  aware  that  any  direct  mode  of  treatment  has  been  suc¬ 
cessful  in  the  case  of  fungi  of  the  family  Ureclmece  to  which  the  Beet 
rust  fungus  belongs.  If  the  annual  infection  is  dependent  upon 
the  teleutospores  we  should  seek  to  prevent,  as  far  as  possible,  their 
formation.  The  only  spores  which  are  produced  entirely  independ¬ 
ent  of  the  host  are  the  sporidia,  which  are  the  product  of  the  germi¬ 
nation  of  the  teleutospores.  These  sporidia  are  very  delicate  and 
exceedingly  minute  bodies,  and  if  means  can  be  devised  for  prevent¬ 
ing  their  coming  upon  the  young  beet  plants,  or,  should  this  not  be 
possible,  a  way  discovered  to  prevent  their  germinating  and  entering 
the  leaf  tissues  by  the  application  of  some  fungicide  (dilute  solution 
of  chloride  of  iron),  the  disease  may  be  wholly,  or  in  part  prevented. 

(e)  BIBLIOGRAPHY. 
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A.  D’Arbois  de  Jubainville  et  Julien 
Vesque  :  Les  Maladies  des  Plantes  Cul- 
tivees;  p.  171. 

Frank  :  Die  Kranklieiten  der  Pflanzen  ; 
II ;  p.  469. 


Kuhn  :  B  ot  anise  he  Zeitung,  1869; 
Zeitsclir.  des  Landw.  Central ver.  d. 
Prov.  Saschen,  1869  ;  No.  2. 

Persoon  :  Synopsis  ;  p.  220. 

Strauss;  ( Uredo  cincta)  Wetrerau  Annal. ; 
II ;  p.  96. 

Yize,  J.  E. :  Grey;  V;  110. 

Cooke,  M.  C.  :  Grevilke  ;  VII  ;  137. 
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5. — Leaf  Rust  of  the  Cherry,  Peach,  Plum,  etc. 
i  Puccinia  pruni-spinosce,  Pers.* 

(Plate  III.) 

(a)  GENERAL  OBSERVATIONS,  DISTRIBUTION,  ETC. 

The  Leaf  Rust  here  described  is  wide-spread  in  this  country,  having 
been  observed  in  nine  States,  including  Massachusetts,  Florida, 
Louisiana,  Texas,  and  California,  a  fact  which  would  indicate  a  very 
general  distribution.  It  is  also  known  in  Germany,  France,  and 
Great  Britain.  In  the  first-named  country  it  is  popularly  called  the 
“rust  of  the  stone-fruit  trees. 

With  us  it  is  most  generally  found  upon  the  plum,  but  occurs 
also  on  the  cherry,  apricot,  and  peach.  It  has  been  described  as  the 
‘  ‘  plum  tree  brand.  ” 

The  fungus  producing  the  rust  has  been  described  under  several 
different  names;  that  used  here  is  the  one  adopted  by  Winter.  Some 
confusion  has  probably  arisen  from  the  fact  that  the  uredo  stage 
alone  occurs  upon  the  peach  and  from  the  resemblance  of  the  uredo- 
spores  to  the  teleutospores  of  Uromyces. 

The  uredospores  may  or  may  not  be  present  on  the  plum,  J  but  on 
the  specimens  examined  a  few  have  been  found  in  all  cases  mingled 

“The  more  important  synonyms  are  Puccinia  prunorum ,  Lk.,  Uredo prunastri , 
D.  C.,  and  Uromyces  prunorum,  Fckl. 

f  Frank,  Die  Kranklieiten  der  Pflanzen,  p.  486. 

X  Peck,  XXV,  p.  116. 
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with  the  teleutospores.  Some  leaves  gathered  in  Aiken,  S.  C.,  in 
April  had  nothing  hut  uredospores  bnt  they  seem  to  persist  until 
Winter,  as  specimens  collected  December  26,  in  Texas,  still  showed  a 
large  number.  The  climate  may,  of  course,  have  something  to  do 
with  their  presence. 

(fr)  EXTERNAL  CHARACTERS. 

The  appearance  of  the  diseased  leaves  differs  according  to  the 
species  attacked.  On  the  Peach  small,  round,  powdery  spots  of  a 
yellowish-brown  color  make  their  appearance  upon  the  lower  sur¬ 
face  of  the  leaf,  and  directly  opposite  these,  upon  the  upper  surface, 
the  tissue  turns  reddish-yellow.  So  far  as  known  this  appearance 
does  not  change  throughout  the  year,  except  that  as  the  spots  grow 
older  they  may  turn  brown  upon  the  upper  side.  The  Plum  may 
have  similar  spots  early  in  the  season,  but  later  these  are  mingled 
with  dark,  purplish-brown,  powdery  spots  below,  and  above  they 
may  be  yellow  or  dark  brown.  The  spots  are  irregularly  scattered 
over  the  leaves  and  sometimes  confluent. 

(c)  MICROSCOPICAL  CHARACTERS. 

The  fungus  of  this  disease,  like  that  of  the  Beet  Rust,  belongs  to 
the  family  Ureclinece,  but  in  this  case  the  secidio-stage  of  the  para¬ 
site  is  not  known.  The  known  spores,  which  have  strongly  marked 
specific  characters,  are  formed  upon  a  stroma  beneath  the  epidermis, 
which  they  finally  rupture,  and  they,  together  with  the  stroma,  pro¬ 
ject  slightly  above  the  surface.  The  spores  are  interspersed  with 
paraphyses"(Fig.  8),  having  expanded  globular  tips  with  walls  thick¬ 
ened  at  the  apex,  giving  them  the  appearance  of  immature  uredo¬ 
spores.  The  uredospores  (Figs.  6  and  7)  are  light  yellow  in  color  and 
of  a  very  irregular  form,  varying  from  club-shaped  to  oblong,  but 
are  most  often  obovate;  the  walls  are  thin  except  at  the  apex,  where 
they  are  greatly  thickened;  the  surface  is  echinulate,  but  the  spines 
diminish  in  size  towards  the  apex,  and  are  scarcely  visible  upon  the 
thick  part  of  the  wall;  the  endospore  is  pierced  by  two  germ  pores 
(Fig.  7,  c  c)  situated  just  below  the  thickened  portion  of  the  wall.  * 

The  teleutospores  (Fig.  9)  are  dark-brown,  two-celled  bodies,  so 
strongly  constricted  in  the  middle  that  the  cells  are  usually  about 
the  same  size,  but  the  upper  one  is  sometimes  larger,  and  the  lower 
may  be  colorless  in  some  cases.  The  wall  is  of  unform  thickness, 
and  is  covered  with  short,  thick  spines,  set  very  close  together. 

Both  teleuto  and  uredospores  have  comparatively  short  pedicels. 
The  former  have  never  yet  been  found  upon  the  Peach,  and  it  is 
probable  that  they  do  not  occur  upon  it  at  all,  since  specimens  gath¬ 
ered  in  Texas  as  late  as  December  26  failed  to  show  any. 

^  In  regard  to  the  disastrous  effect  of  this  fungus  on  the  Peach  a 
Texan  correspondent  writes,  October  18,  that  “  the  fungus  caused  • 
nearly  all  the  leaves  to4  fall  within  the  last  four  week,  even  the  second 
growth.” 

The  wild  as  well  as  the  cultivated  plums  are  attacked,  a  fact  that 
will  render  infection  of  cultivated  trees  certain  when  there  are  dis¬ 
eased  native  ones  in  the  vicinity. 

(cZ)  TREATMENT. 

t 

.  Little  can  be  said  in  way  of  treatment,  and  .all  experiments  in  this 
line  must  be  wholly  empirical.  As  stated  above,  we  do  not  know 
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the  first  or  aecidio-stage  of  the  fungus,  and  it  is  not  certain  that  this 
stage  is  necessary  for  its  continued  propagation.  The  parasite  is 
endophytic,  or  grows  within  the  tissues  of  the  leaves  of  the  host 
plants,  and  by  the  time  it  has  become  visible  on  them  by  its  produc¬ 
tion  of  spores,  the  body  of  the  fungus  has  already  attained  consid¬ 
erable  growth  and  is  beyond  the  reach  of  fungicides.  We  can 
only  hope  to  keep  the  disease  off  the  trees  by  preventive  applications, 
and  in  localities  where  some  treatment  seems  to  be  imperative  we 
suggest  spraying  the  foliage  with  some  of  the  sulphate  of  copper 
solutions,  eau  celeste  for  example,  as  being  most  likely  to  be  protect¬ 
ive.  Very  dilute  solutions  of  chloride  of  iron  may  also  protect  the 
trees  from  the  attacks  of  this  parasite. 


(e)  BIBLIOGRAPHY. 
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6. — Cotton-leaf  Blight. 
Cercospora  gossypina,  Cke. 


(Plate  IV.) 

(a)  GENERAL  OBSERVATIONS,  DISTRIBUTION,  ETC. 

The  disease  here  named  Cotton-leaf  Blight  is  quite  distinct  from 
the  dreaded  “ Cotton  Rust”  that  so  often  has  blasted  the  hopes  of  the 
'planters,  and,  in  comparison,  is  of  little  consequence.  Anything, 
however,  which  may  affect  a  crop  of  such  vast  importance,  even 
though  slightly,  deserves  consideration. 

A  number  of  fungi  are  known  to  infest  the  living  cotton  plant, 
but,  so  far  as  we  have  observed,  the  one  most  conspicuous  from  the 
effects  produced  is  Cercospora  gossypina,  Cke.  This  fungus  w^s 
first  described  by  Professor  Cooke  in  Grevillea,  VqI.  XII  (Septem¬ 
ber,  1883),  page  31,  from  specimens  collected  in  South  Carolina  and 
distributed  by  Ravenel.  *  Excepting  that  it  has  been  occasionally 
confused  with  the  true  Cotton  Rust,  we  do  not  know  that  it  has  re¬ 
ceived  any  attention  from  popular  writers.  Ravenel  knew  of  its 
occurrence  in  South  Carolina,  Georgia,  and  Florida.  The  writer  has 
observed  it  in  Xorth  Carolina  and  Texas,  so  that  the  disease  is  likely 
to  occur  throughout  Jhe  cotton-growing  States. 

In  a  field  the  disease  first  appears  at  points  where  the  soil  is  damp 
or  poorly  drained,  and  the  lowermost  leaves  are  generally  the  first 
to  be  attacked.  Frequent  showers  or  heavy  rains  are  favorable  to 
the  spread  of  the  malady,  and  at  the  time  of  picking,  one  will  often 
find  all  the  leaves  on  many  plants  more  or  less  affected. 


*  Rav.  Amer.  Fungi,  No<  583. 
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The  fungus  begins  its  attacks  as  soon  as  the  first  leaves  are  fairly 
formed,  and  from  that  time  until  the  close  of  the  season  it  continues 
its  depredations.  Our  observations  have  not  been  sufficiently  numer¬ 
ous  or  complete  enough  to  enable  us  to  make  any  definite  statements 
as  to  the  actual  injury  occasioned  by  the  blight.  The  vitality  and 
assimilating  powers  of  the  diseased  leaves  are  more  or  less  affected, 
according  to  the  virulence  of  the  attack,  and  in  severe  cases  a  seri¬ 
ously  diminished  crop  must  necessarily  be  the  result. 

(b)  EXTERNAL  CHARACTERS. 

If  the  lower  leaves  are  carefully  examined  about  the  time  the 
plants  are  beginning  to  bloom,  one  will  see,  here  and  there,  some  of 
them  marked  with  reddish-brown  spots,  irregular  in  outline,  and 
variously  scattered  over  the  leaf  surface.  The  single  spots  vary 
from  lmm  to  4mm  in  diameter,  but  often  several  of  these  run  together, 
producing  discolored  patches  of  considerable  size.  The  spots  are  vis¬ 
ible  on  both  surfaces  of  the  leaves,  showing  that  the  tissues  through 
their  entire  thickness  are  affected.  In  a  short  time  the  tissues  within 
the  spots  die  and  turn  brown,  leaving  a  dark  red,  well-marked  border 
between  the  dead  and  the  surrounding  healthy  tissues.  The  dead 
centers  of  the  spots  become  brittle  and  are  easily  broken  out,  so  that 
the  leaves  are  often  seen  full  of  holes,  or  more  or  less  ragged  and 
torn  about  their  margins.  Leaves  badly  affected  soon  lose  their 
lively  green  color,  turning  to  a  pale,  sickly  yellow,  and  finally  wither 
and  fall  from  the  stalks. 


(c)  BOTANICAL  CHARACTERS  OF  THE  FUNGUS. 

The  Cercospora  gossypinci  which  causes  the  blight  is  a  fungus 
botanically  related  to  the  fungus  of  the  Strawberry-leaf  Blight,  but 
while  we  are  now  acquainted  with  the  several  stages  in  the  develop¬ 
ment  of  the  latter  (see  p.  339),  we  know  only  one  stage  in  the  former — 
the  Cercosporci  stage— corresponding  to  the  Bamularia  stage  in 
Splicer  ella  frag  arice. 

It  is  the  vegetative  portion  or  plant  body  of  the  fungus,  growing 
within  the  tissues  of  the  leaves  which  occasions  the  destruction  of  the 
cells  in  the  latter,  producing  the  external  changes  noted  above. 
After  a  while  there  issues  from  the  mycelial  threads  within,  usually 
coming  out  through  the  stomata,  short,  irregular,  dark-colored 
branches,  upon  whose  tips  the  slender,  tapering,  colorless  spores  are 
borne.  These  branches  generally  issue  in  tufts  or  fascicles  of  three 
or  four  or  more,  and  the  number  of  spores  borne  on  each  varies  from 
one  to  several.  The  length  of  the  branches  as  well  as  that  of  the 
spores  varies  greatly,  and  the  number  of  septa  or  cross- walls  in  the 
latter  is  also  variable.  * 

As  already  intimated,  the  more  advanced  stages  in  the  life  history 
or  Jus  C ercospora  are  unknown,  but  it  doubtless  produces  spermo- 

gonia  ‘Hid  ascosporous  forms  on  the  affected  leaves  after  they  have 
fallen  to  the  ground.  v  J 

fLnVvii  ap? hcations  or  treatments  may  serve  to  check  or  prevent 
3  hotton  blight  remain  to  be  determined  by  experiment.  It  may 
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not  be  practical,  or,  rather,  it  may  not  pay  to  attempt  any  treatment 
unless  the  disease  should  become  more  injurious  than  it  appears  to 
ba  at  present. 

7. — ANTHRACNOSE* *  OF  THE  RASPBERRY  AND  BLACKBERRY. 

Gloeosporium  venetum,  Speg. 

(Plate  V.) 

(a)  HISTORY  OF  THE  FUNGUS. 

In  the  Agricultural  Review  for  November,  1882,  Prof.  T.  J.  Bur- 
rill,  of  Champaign,  Ill.,  published  an  account  of  this  fungus  under 
the  name  of  the  “  Raspberry  Cane  Rust.”  This  is,  so  far  as  we  are 
aware,  the  only  publication  relative  to  the  subject.  Professor  Bur- 
rill  did  not  name  the  fungus  but  merely  referred  to  it  as  the  “Rasp¬ 
berry  Cane  Rust,”  the  popular  name  by  which  it  is  generally  known, 
stating,  however,  that  the  parasite  probably  belonged  to  the  same 
group  as  the  fungus  that  caused  the  disease  of  the  grapes  known  as 
Anthracnose.  During  the  past  two  years  numerous  complaints  of 
the  serious  injury  caused  by  this  fungus  have  been  received  by  the 
Section  from  Illinois,  New  Jersey,  Texas,  Wisconsin,  and  Missouri, 
indicating  that  the  disease  is  wide-spread  and  destructive. 

The  first  time  the  disease  was  observed  in  Missouri  was  in  May, 
1887,  in  the  horticultural  grounds  of  the  Missouri  Agricultural  Col¬ 
lege,  and  later  in  the  season  in  various  parts  of  the  State.  On  June 
7,  a  raspberry  plantation  of  250  acres,  located  in  the  southern  part  of 
the  State,  was  visited,  and  it  was  found  that  nearly  all  of  the  Black¬ 
caps  were  suffering  from  the  attacks  of  the  parasite.  Other  planta¬ 
tions  in  the  southwestern  part  of  the  State  were  examined,  and  in  all 
cases  the  Black-cap  raspberries  were  attacked.  The  owners,  in  many 
instances,  were  ignorant  of  the  cause  of  the  trouble;  some  thought 
that  the  injury  was  due  to  insects,  while  others  attributed  it  to  “sun 
scald.”  From  information  received  from  the  fruit-growing  region  of 
Illinois,  it  is  evident  that  the  parasite  caused  considerable  injury  in 
that  State.  In  a  letter  dated  June  20,  1887,  Mr.  F.  S.  Earle  says  “that 
the  ‘  Raspberry  Cane  Rust  ’  is  seriously  injuring  Black-cap  raspberries 
and  the  thornless  varieties  of  blackberries  in  southern  Illinois.” 

An  instance  is  given  by  Professor  Burrill*  of  a  blackberry  planta¬ 
tion  that  yielded  a  profit  of  $400  a  year  which  was  so  reduced  in  one 
year  by  the  disease  that  it  scarcely  paid  expenses  the  year  following. 
From  a  careful  examination  of  the  raspberry  plantations  in  southern 
Missouri  the  past  season,  the  apparent  injury  to  Black-caps  is  esti¬ 
mated  to  be  from  10  to  12  per  cent,  of  the  entire  crop.  In  some  sec¬ 
tions  the  injury  is  much  greater  than  in  others;  but  we  believe  this 
is  a  fair  estimate  of  the  general  loss. 

In  November,  1887,  Messrs.  Ellis  and  Everhart  described  the  fun¬ 
gus  under  consideration  and,  believing  it  to  be  a  new  species,  named  it 
Gloeosporium  necator.\  These  authors  state  that  the  fungus  was  re- 

*  This  name  is  proposed  for  the  disease  caused  by  this  Gloeosporium  in  uniformity 
with  anthracnose  of  the  vine  caused  by  another  species  of  the  same  genus. 

*Agricultural  Review. 

f  Journal  of  Mycology,  III,  129.  Gloeosporium  necator,  E.  and  E.  On  living  canes 
of  black  and  red  raspberry.  Sent  from  Evanston,  Ill. ,  by  Charles  Wheeler,  August, 
1881,  and  from  Cobden,  Ill.,  by  F.  S.  Earle,  June,  1884;  also  received  from  Columbia, 
Mo. ,  June,  1887,  from  B.  T,  Galloway.  Spots  caulicolous  pale,  with  a  slightly  raised 
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ceived  by  them  from  Evanston,  Ill.,  in  August,  1881,  and  from  Cob- 
den  in  June,  1884,  and  again  from  Columbia,  Mo.,  in  June,  1887. 
They  add  that  Glceosporium  venetum,  Sacc.,  a  European  species  found 
on  Rubus,  has  spores  of  about  the  same  size  as  their  G:  necator,  but 
the  former  occurs  on  the  leaves  of  the  host,  while  the  American  fun¬ 
gus  is  found  on  the  canes. 

We  have  no  specimens  for  comparison,  but  the  description  given 
by  M.  Spegazzini  of  Glceosporium  venetum ,  published  in  1877,*  ap¬ 
plies  perfectly  to  the  American  fungus  described  by  Ellis  and  Ever¬ 
hart  in  everything  excepting  that  it  is  said  to  occur  on  the  leaves. 

In  the  description  of  G.  necator  reference  is  only  made  to  its  oc¬ 
currence  on  the  canes;  the  fact  of  its  being  very  common  on  the  leaves 
was  apparently  unknown  to  the  authors  of  the  species.  Recent  ob¬ 
servations  have  led  to  the  discovery  that  no  part  of  the  plant  above 
ground  is  free  from  the  attacks  of  the  parasite.  It  is  occasionally 
seen  attacking  the  fruit,  and  the  petioles  and  veins  of  the  leaves  are 
often  greatly  disfigured  by'  it. 

(b)  EXTERNAL  CHARACTERS  OF  THE  DISEASE  (Fig.  1). 


That  the  disease  is  directly  due  to  the  action  of  the  fungus,  which  is 
a  true  parasite,  there  can  be  no  question. 

On  the  canes. — The  fungus  attacks  both  fruiting  and  non-fruit¬ 
ing  canes  or  suckers.  On  the  latter  it  usually  appears  first  near  the 
base,  producing  small  purple  spots  that  are  variously  scattered  around 
the  cane.  The  spots  first  formed  rapidly  increase  in  size,  and  as  the 
fungus  develops  the  center  of  each  becomes  grayish-white  in  color. 
Surrounding  each  spot  is  a  slightly-raised,  dark  purple  border,  sep¬ 
arating  the  healthy  from  the  diseased  tissues.  The  course  of  devel¬ 
opment  is  from  the  lower  portion  of  the  canes  upwards,  so  that  at  any 
tune  during  the  growing  season  the  tip  of  the  cane  shows  only  the 
minute  purple  spots  or  early  manifestations  of  the  disease,  while  to¬ 
wards  its  base  are  found  the  older  and  larger  spots.  In  an  advanced 
Stage  of  the  disease  the  spots  coalesce  or  run  together,  and  appear  as 
irregular  blotches,  which  are  _  frequently  an  inch  and  a  half  long, 
anil  sometimes  completely  encircle  the  cane.  The  direct  damage  to 
the  tissues  rarely  extends  to  the  pith;  the  greatest  injury  is  confined 
i  o  the  cambium  layer,  or  the  portion  through  which  the  sap  is  con¬ 
veyed  in  the  process  of  growth.  Thus,  nearly  the  same  effect  is  pro¬ 
duced  on  the  cane  by  the  action  of  the  fungus  as  would  result  to  a 
Irving  tree  if  girdled  by  the  knife  or  ax.  The  living  tissues  of  the 


nh  mb°Serf  tT°rrtS  millimeters  in  diameter,  orbicular  or  elliptical;  spores 

^^ong-ejnpticaJ,  5-7/4  by  3//,  oozing  out  in  an  amber-colored  mass  through  a  single 
A  m  the  center  of  each  spot.  Reported  as  being  very  injurious.  G.  venetum , 
r™:’  spores  of  about  the  same  size  but  is  a  folicolous  species.  The  Illinois  speci- 
Tp^Hum™  rep°rted  as  Phyllosticta  necator,  but  the  fungus  is  evidently  a  Jteo- 

iSpots  margmate,  without  definite  shape,  large  or  small,  and 
Acervuli  ^°ney  or  ocher  yellow,  surrounded  by  a  dark  purple  border. 

7-8  bv  Sfegarious,  or  solitary,  dark;  condidia  oblong-elliptical 

ceneorus  ’  i  1bucleat®d’  Valine.  In  languishing  leaves  of  Rubus  Cham- 

p.  706  BeHu.no  and  Coneg.  liano,  Italy.  Saccardo,  Sylloge  Fungorum,  Vol.-, 

ic^form^^^Tm^qnp^fi0  g°i°d  reason  why  a  new  name  should  be  given  our  Amer- 

is  one are  too4 often man^  of  the  imperfect  fungi,  of  which  this 

useless  to  multinlv  name AA  cparacters  that  rarely  remained  fixed,  and  it  is 

name  GteoToXm  SL!1  °nly  lea<?.  to  confusion.  Therefore,  Spegazzini’s 
name  ouoeospor  ium  venetum,  being  the  earlier  one  published,  is  here  adopted. 
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cane  are  prevented  from  properly  performing  their  work,  and  as  a  re¬ 
sult  the  canes  become  sickly;  the  leaves  do  not  attain  more  than 
half  their  normal  size,  and  if  fruit  is  formed  at  all  it  never 
reaches  its  full  development,  but  ripens  prematurely  or  simply  dries 
up  and  is  worthless.  If  the  young  canes  are  not  killed  the  first  year 
the  continued  action  of  the  fungus  on  the  leaves  and  branches  pre¬ 
vents  the  formation  of  fruit  the  succeeding  year. 

On  the  'petioles  and  veins  of  the  leaves. — Soon  after  the  appear¬ 
ance  of  the  fungus  on  the  canes  the  petioles  of  the  oldest  leaves  are 
also  attacked.  There  appears  near  the  base  of  the  petiole  the  pur¬ 
plish  spots  which  always  mark  the  first  development  of  the  fungus. 
These  are  similar  in  appearance  to  those  on  the  canes  already  described. 
Gradually  the  disease  spreads  along  the  petiole  toward  the  leaf,  and 
soon  the  frame-work  of  the  latter  shows  the  whitish,  blister-like 
spots. 

The  parasite  usually  confines  its  attacks  to  one  side  of  the  petioles 
and  veins,  which  results  in  an  unequal  development,  the  leaves  be¬ 
come  distorted,  and  their  edges  rolled  inwards  towards  the  midrib. 
Frequently  the  jiedicels  of  the  fruit  are  attacked,  and  this  is  usual  Ly 
followed  by  the  complete  drying  up  of  all  the  berries. 

On  the  parenchyma  of  the  leaves. — The  fungus  produces  spots  on 
the  leaves  similar  to  those  on  the  canes,  excepting  that  they  are  much 
.  smaller  (scarcely  exceeding  lmm  in  diameter)  and  more  closely  approx¬ 
imated,  but  rarely  coalescing.  The  injury  extends  through  the  en¬ 
tire  thickness  of  the  leaf,  and  frequently  the  diseased  tissue  separates 
from  the  surrounding  healthy  part  and  the  leaf  becomes  riddled  with 
holes. 

(c)  BOTANICAL  CHARACTERS  OF  THE  FUNGUS. 

About  60  species  of  the  genus  ( Gloeosporium )  to  which  the  fungus 
of  Anthracnose  of  the  raspberry  and  blackberry  belongs  are  known 
to  occur  in  the  United  States.  They  are  all  true  parasites,  but  very 
little  is  known  respecting  their  development.  The  species  attacking 
the  raspberry  and  blackberry  consists  of  three  parts,  namely,  (1)  the 
mycelium  or  body  of  the  fungus,  composed  of  very  slender,  colorless 
threads  ;  (2)  slender  stalks,  called  basidia,  and  (3)  reproductive  bodies, 
called  spores,  that  are  borne  upon  the  tips  of  the  basidia. 

The  mycelium  creeps  between  the  cells  of  the  host  and  obtains  its 
nourishment  at  the  expense  of  the  latter.  As  a  first  result  there  is 
simply  a  slight  discoloration  of  the  cell  contents  ;  later  the  cells  lose 
their  shape,  and  very  soon  they  collapse  entirely,  leaving  nothing 
but  a  mass  of  dead  and  dry  tissue.  Just  as  far  as  the  fungus  threads 
extend  the  tissues  of  the  host  are  destroyed  (Fig.  2).  As  already 
stated,  the  injury  rarely  reaches  to  the  pith  ;  for  the  most  part  it  is 
confined  to  the  bark  and  cambium  layer.  Near  the  center  of  the 
diseased  spot  the  ends  of  many  of  the  creeping  threads  unite  and 
form  a  dense  tuft,  which,  as  seen  under  the  microscope,  resembles  a 
mass  of  short,  slender,  club-shaped  bodies  ranged  side  by  side. 
These  bodies  are  the  basidia  ;  they  are  formed  beneath  the  cuticle, 
which  they  soon  rupture,  and  appear  on  the  surface  in  the  form  of 
a  minute  globule,  being  covered  with  a  clear  gelatinous  substance. 

Upon  the  tips  of  the  basidia  the  spores  are  borrm  (Fig.  2,  a)  ;  these 
ane  colorless,  oval  or  oblong,  and  very  minute  one-celled  bodies. 
Each  basi din m  develops  but  a  single  spore,  and  the  entire  mass  of 
spores  and  basidia  are  held  together  in  the  gelatinous  substance, 
which,  however,  readily  dissolves  in  water. 
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If  the  diseased  spots  are  examined  after  a  week  or  ten  days  of  dry 
weather  an  abundance  of  the  minute  globules  above  referred  to  will 
be  seen.  If  a  rain  follows,  the  substance  which  cements  the  spores 
together  is  quickly  dissolved  and  the  latter  are  set  free.  A  micro¬ 
scopic  examination  of  the  drops  of  water  which  collect  on  the  canes 
and  leaves  after  a  rain  will  show  numerous  spores  floating  about, 
and  many  will  be  seen  to  have  germinated  by  sending  out  delicate 
colorless  filaments  or  germ  tubes. 

Spores  (Fig.  3)  sown  in  a  drop  of  water  germinate  at  the  expiration 
of  about  twenty-four  hours,  so  that  if  the -water  which  sets  the  spores 
iiee  evaporates  shortly  alter  the  gummy  substance  is  dissolved  the 
former  are  in  such  condition  that  the  slightest  breath  of  air  is  suffi¬ 
cient  to  carry  them  from  place  to  place.  If  they  fall  upon  healthy 
leaves  or  canes,  and  the  proper  conditions  of  moisture  and  heat  are 
present  they  will  germinate,  and  it  is  very  probable  that  the  slender 
filaments  produced  will  penetrate  the  cuticle  of  the  plant  and  ulti¬ 
mately  pioduce  new  diseased  spots  and  give  rise  to  the  same  fungus 
development  from  which  they  were  derived. 

Farly  in  June  of  the  present  year  (1887)  numerous  sowings  of  the 
spores  were .  made  in. various  solutions  prepared  by  macerating  the 
green  and  ripe  fruit  in  water,  and  juices  made  in  a  similar  manner 
from  the  leaves  and  young  canes  were  also  used.  It  was  found  that 
spores  sown  in  pure  water  germinated  much  more  readily  than  any 
sown  m  the  solutions.  It  was  also  discovered  that  if  the  spores  which 
naci  germinated  in  pure  water  were  removed  to  the  prepared  solu- 


ions,  ffie  filaments  therefrom  grew  with  greater  vigor  than  when 
lett  in  pure  water.  From  these  experiments  it  would  stem  reasonable 
to  believe  that  pure  water  is  required,  if  not  absolutely  necessary,  for 
}?  geminations  of  the  spores,  and  that  the  germinating  filaments, 
alter  they  have  entered  the  tissue,  find  in  the  juices  of  the  plant  all 
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of  the  above  are  in  any  way  genetically  related  to  the  latter  has  never 
been  demonstrated. 

(d)  TREATMENT. 

As  a  means  of  preventing  Anthracnose  of  tlie  raspberry  we  suggest 
that  the  plants  be  trained  and  pruned  in  such  manner  that  plenty  of 
air  and  sunlight  will  at  all  times  be  permitted  to  come  in  contact 
with  the  canes.  By  far  the  most  vigorous  plantations  that  have 
come  under  our  observation  were  those  in  which  the  rows  were  6  feet 
apart  and  the  plants  were  5  feet  apart  in  the  row.  Cultivation  was 
made  both  ways  and  by  careful  pruning  the  plants  had  been  made 
to  assume  a  close,  compact  form. 

In  no  case  should  the  canes  that  have  been  killed  by  the  fungus 
be  permitted  to  remain  in  the  field,  as  all  the  evidence  at  hand  in¬ 
dicates  that  the  disease  first  appears  where  such  canes  have  been  left 
standing.  W e  have  in  mind  a  small  raspberry  plantation  in  which 
the  disease  was  first  noticed  near  the  center  of  the  field  among  the 
plants  of  the  Souhegan  variety.  The  plants  in  question  had  been 
neglected  for  two  or  three  years,  and  as  a  result  the  canes  were  long 
and  straggling  and  many  of  them  were  dead.  As  a  further  detri¬ 
ment  to  their  growth  the  suckers  had  grown  up  so  thickly  about  the 
lower  part  of  the  plants  that  they  were  completely  choked.  On  these 
plants  the  disease  first  appeared,  but  soon  spread  to  adjoining  rows 
which  had  received  better  treatment.  Upon  an  examination  of  the 
canes  where  the  disease  was  first  observed  the  old  scars  made  by  the 
fungus  the  previous  year  were  found,  showing  that  the  disease  had 
been  present  for  several  years  but  had  escaped  detection. 

Sulphate  of  iron  has  been  used  with  success  in  combating  the  An¬ 
thracnose  of  the  grape,  and  it  is  reasonable  to  suppose  that,  if  used 
properly,  it  will  prove  an  effective  remedy  against  the  very  similar 
disease  of  the  blackberry  and  raspberry.  Prepare  a  solution  by  dis¬ 
solving  2  pounds  sulphate  of  iron  in  5  gallons  of  water,  and,  by 
any  convenient  method,  apply  to  the  shoots  before  the  buds  have 
started  in  the  spring.  Later,  if  there  be  any  signs  of  the  disease,  the 
use  of  the  Bordeaux  mixture  is  recommended. 

8. — Anthracnose  of  the  Bean. 

Glceosporiumlindemutliianum. 

(Plate  VI.) 

(a)  GENERAL  OBSERVATIONS. 

Wax  or  butter  beans,  those  having  yellow  pods,  are  subject  to  the 
attacks  of  a  fungus  parasite  producing  a  disease  which  may  be 
named  Anthracnose  of  the  bean.  It  is  sometimes  called  “rust,”  but 
that  term  should  be  restricted  to  a  disease  resulting  from  another 
cause. 

The  disease  has  been  known  to  gardeners  a  long  time,  but  its 
botanical  nature  has  not  been  studied  until  quite  lately.  It  was  first 
named  by  Saccardo  and  Magnus,  and  has  since  been  studied  (1883) 
by  Frank.* 

*An  account  of  this  disease,  with  a  figure  illustrating  its  character,  by  Prof. 
William  Trelease,  was  published  in  the  Cultivator  and  Country  Gentleman,  Oc¬ 
tober,  1885. 
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It  occurs  in  Germany,  France,  Italy,  England,  and  tlie  United 
States.  In  tlie  latter  country  it  seems  to  be  very  generally  dis¬ 
tributed,  as  specimens  have  been  sent  to  tlie  Department  from  Maine, 
Massachusetts,  Wisconsin,  Pennsylvania,  Louisiana,  and  the  District 
of  Columbia.  An  allied  species,  6r.  leguminis,  is  also  found  in  Cali¬ 
fornia,  upon  a  different  host,  however. 

It  is  the  pods  and  the  beans  they  contain  that  are  chiefly  affected, 
the  other  parts  of  the  plants  being  rarely  if  ever  attacked.  Frank 
attempted  to  infect  the  leaves  and  stems,  but  with  no  result.  He  also 
tried  to  infect  different  plants,  but  failed  in  this  also.  In  this  coun-  ■ 
try,  however,  the  disease  attacks  water-melon  rinds  as  well  as  beans. 


( b )  EXTERNAL  CHARACTERS. 

The  disease  makes  its  appearance  as  a  small,  reddish-brown  spot 
which  grows  rapidly,  soon  becoming  black  in  the  center.  With  the 
exception  of  a  narrow  line  on  its  circumference  this  black  center 
'  afterwards  turns  to  a  dirty  gray  or  light  brown. 

The  spots  are  usually  round,  from  2mm  to  6mm  in  diameter,  the 
largest  rarely  exceeding  a  centimeter. 

They  are  composed  of  a  reddish-brown  band  on  the  outside,  fol¬ 
lowed  within  (in  most  cases)  by  a  narrow  black  band,  and  have  a 
brownish  or  dirty  white  center,  over  which  is  a  mass  of  light-colored 
powder.  The  spots  may  grow  until  they  extend  entirely  across  the 
pod,  and  several  sometimes  coalesce,  forming  large  brown  patches 
that  nearly  cover  its  surface  (Fig.  1).  From  the  first,  these  spots  are 
sunken  below  the  surface  of  the  healthy  tissue,  and  as  the  disease 
progresses  they  sink  deeper  and  the  pod  becomes  more  and  more 
shrunken,  while  the  bean  within  may  also  become  diseased  and 
shriveled  until  it  has  but  a  small  fraction  of  its  normal  size  (Fig.  3,  b). 

(c)  CONDITIONS  FAVORING  THE  DISEASE. 


The  young  fruit  is  most  subject  to  attack,  and  if  the  parasite  gains 
a  rooting  in  the  partly-grown  pods,  it  is,  of  course,  very  disastrous, 
as  the  growth  of  the  bean  is  checked,  even  when  the  latter  is  not  dis¬ 
eased.  It  will  readily  be  seen  that  the  parasite,  if  at  all  prevalent, 
1S  a  injurious  one  to  the  crop ;  and  as  a  matter  of  fact  this  is 
olten  the  case  where  the  conditions  are  favorable  to  the  fungus. 
1  Hose  conditions  are  simply  dampness  of  soil  and  atmosphere,  which, 
although  favorable  to  nearly  all  parasitic  fungi,  seem  to  be  more 
necessary  to  the  development  of  this  particular  disease  than  it  does 

*Te  majority  of  cases,  and  an  airy,  dry  situation  for  the  plants  is 
tlie  best  means  of  preventing  an  attack. 

/ 

(cl)  BOTANICAL  CHARACTERS. 


As  found  upon  the  bean  pod  the  mature  fungus  consists  of  a  im 

lvtQi'Sn  u  fiC  1  Pei,!etrates  the  tissue  of  the  pod  and  bean,  sendin 
cisidia  to  the  surface,  which  in  turn  bear  numerous  spores. 

yUT  10  “ycelium  is  colored,  but  portions  may  be  uncolorec 
vhfnWa  I  the  remainder  is  quite  dark.  It  is  branching,  septate,  c 
(Irops^  fFilb™6^) r’  and  contains  granular  protoplasm  and  large  oi 

!  lie  basidia  (Fig.  4,  c)  are  colorless  and  straight,  with  bluntb 
rounded  tips,  and  are  borne  in  clusters.  } 
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Tlie  spores  (Fig.  4,  e ,  and  Fig.  5)  are  about  twice  as  long  as  broad, 
nearly  cylindrical,  rounded  at  each  end,  contents  granular  and  with¬ 
out  nuclei.  They  sometimes  project  from  the  clusters  of  basidia  in 
compact  masses,  held  together  by  some  substance  which  dissolves  at 
once  upon  coming  in  contact  with  water. 

Mingled  with  and  surrounding  the  clusters  of  basidia  are  a  few  large 
dark-brown  hyphse  (Fig.  4,  cl),  closely  resembling  the  filaments  of 
V ermicularia.  They  are  much  larger  and  longer  than  the  basidia  of 
the  Grlceosporimn ,  are  septate,  and  sometimes  have  a  bulbous  swell¬ 
ing  at  the  level  of  the  tops  of  the  basidia ;  below  this  point  they  are 
colorless.  Sometimes  the  whole  hypha  is  uncolored,  but  in  this  case 
it  is  usually  smaller,  indicating  that  it  is  not  mature.  They  are  few 
in  number  as  compared  with  the  basidia,  a  dozen  being  a  large  num¬ 
ber  for  one  cluster  or  pustule.  These  hyphse  are  not  mentioned  in 
any  published  account,  but  they  were  constant  in  the  specimens  ex¬ 
amined,  although  very  scarce  in  some  cases.  The  specimens  were  from 
the  States  previously  mentioned  and  from  Germany,  and  were  named 
by  Ellis,  Farlow,  and  Trelease.  They  were  also  present  in  the  same 
fungus  on  water-melon  rind. 

Life  history. — The  spores  falling  upon  the  surface  of  the  bean  pod, 
send  out  a  protuberance  or  germ  tube  on  one  side  which  presses  close 
against  the  epidermis,  and  becomes  transformed  into  a  round,  flat¬ 
tened  body  with  a  thick  violet  membrane.  From  this  there  soon 
protrudes  a  colorless  hypha  that  bores  through  the  outer  wall  of  the 
epidermal  cells  and  grows  within  them  into  a  convoluted  mycelium 
which  fills  their  cavities*  and  extends  rapidly  downwards  and  later¬ 
ally. 

In  its  healthy  state  the  bean  pod  is  composed  of  two  well-marked 
layers  of  tissue  with  a  line  between.  The  outer  (exocarp,  Fig.  2,  b) 
is  the  firmer  and  more  compact,  and  is  generally  of  about  the  same 
thickness  throughout  the  pod.  The  inner  (endocarp,  Fig.  2,  c)  is 
composed  of  larger  and  thinner  walled  cells,  and  is  not  continuous. 
If  the  beans  are  fully  developed  it  is  quite  absent  along  their  length, 
and  very  thin  even  in  the  intervals  between  them;  but  if  the  beans 
are  not  well-grown  it  is  very  thick,  and  in  the  intervals  may  fill  all 
the  space  within  the  outer  layer.  It  is  accordingly  thick  in  pods 
where  the  fungus  has  checked  the  growth  of  the  bean. 

After  leaving  the  epidermal  cells  the  mycelium  penetrates  the 
walls  of  the  cells  beneath  it,  their  contents  and  walls  almost  imme¬ 
diately  become  discolored,  and  in  the  exocarp  the  cells  collapse,  form¬ 
ing  an  almost  solid  mass  of  cell  walls  and  mycelium  (Fig.  2,  a).  In 
the  endocarp  the  cells  do  not  collapse  at  once,  but  the  mycelium  grows 
in  them  luxuriantly,  almost  filling  their  cavities;  from  here  it  pen¬ 
etrates  to  the  bean  itself,  and  may  even  form  spores  and  basidia  be¬ 
tween  the  testa  and  embryo. 

The  exocarp  shrinks  into  a  mere  line  and  sometimes  separates  from 
the  endocarp  like  the  skin  of  a  blister.  Usually,  however,  the  two 
layers  remain  connected,  and  the  whole  spot  sinks  in  (Figs.  2  and  3). 

The  mycelium  that  is  in  the  epidermal  cells  in  the  center  of  the 
spot  soon  forms  basidia  which  rupture  the  epidermis  at  points,  form¬ 
ing  pustules  (Fig.  4);  these  pustules  are  so  numerous  in  the  older 
spots  that  they  coalesce  and  are  lost  sight  of,  so  that  the  surface  is 
nearly  or  quite  covered  with  a  mass  of  basidia.  The  pustules  are 
just  visible  to  the  naked  eye,  and  sometimes  have  a  dark-brown  color, 


*  Sorauer,  Pflanzenkranklieiten. 
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owing  to  the  brown  hyphse  among  the  spores.  It  is  from  them  that 
the  spore  masses  already  spoken  of  project.  They  occur  only  over 
the  light  center  of  the  spot,  the  black  line  forming  their  limit;  in  fact, 
the  light  color  is  probably  caused  by  the  sjDores  and  ruptured  epi¬ 
dermis. 

The  presence  of  the  large  dark-colored  hyphse  raises  a  question  of 
classification.  These  hyphse  are  not  mentioned  in  any  description 
of  Glmosporium,  and,  so  far  as  is  known,  are  not  present  in  any  other 
species  of  that  genus,  but  are,  on  the  contrary,  characteristic" of  the 
genera  Vermicularia  and  Colletotrichium.  The  appearance  and 
structure  of  the  bean  fungus  accords  perfectly  with  the  description 
of  Colletotrichium ,  even  to  the  location  of  the  brown  hyphse  (setse) 
about  the  circumference  of  the  pustule,  and  if  the  setse  are  an  organic 
part  of  the  bean  fungus  it  seems  probable  that  the  name  must  be 
changed  from  Glceosporium  to  Colletotrichium.  * 

(e)  TREATMENT. 

So  far  as  possible  plant  in  a  dry  and  airy  situation  in  light  soil. 
Sulphur  has  been  used  and  is  reported  to  check  the  disease  somewhat, 
but  is  not  a  sure  protection.  Under  some  circumstances  applications 
may  be  made  of  solutions,  of  sulphate  of  iron  or  copper,  but  the  use 
of  these  compounds  on  this  fruit  can  not  be  generally  recommended 
owing  to  their  poisonous  character.  Experiments  might  be  made 
with  liver  of  sulphur,  1  ounce  to  5  gallons  of  water.  The  action  of 
this  fungicide  is  immediate,  and  it  may  be  freely  used  without  danger 
to  health. 

9. — Leaf-spot  disease  of  Catalpa. 

(Plate  VII.) 


(a)  GENERAL  OBSERVATIONS. 

.  The  foliage  of  a  number  of  our  ornamental  shade  trees  is  some¬ 
times  seriously. disfigured  or  caused  to  fall  prematurely  by  the  at¬ 
tacks  of  parasitic  fungi.  A  notable  example  of  this  is  the  case  of  the 
catalpa  ( C .  bignonioid.es ),  some  trees  of  which,  growing  on  grounds 
near  the  Department  buildings,  have  had  their  leaves  more  or  less 
injured  from  this  cause  for  several  seasons  past.  The  work  of  the 
fungus  is  manifest  by  round,  brown  spots  upon  the  leaves  which  ap¬ 
pear  early  in  J une,  and  in  some  few  instances  the  ravages  of  the 
parasite  have  been  so  severe  as  to  nearly  defoliate  certain  trees  by  the 
eno  of  July  or  early  in  August. 

The  geographical  limits  of  the  disease  are  not  known,  but  it  is  evi¬ 
dent  ly  quite  extended,  as  samples  of  the  affected  leaves  have  been 
observed  in  widely  separated  localities. 


(b)  EXTERNAL  CHARACTERS. 


*  0  far  as  w~e  know  the  attacks  of  the  the  parasite  are  confined  to 
rpif  ''avesj  where  if  produces  the  brown  spots  mentioned  above, 
lese  spots  are  round,  varying  from  3mm  to  ()mm  in  diameter,  and 


\  ffinfi  p!* 1  vx4^r  rnT^n-  d*oAgrU;  ’ 1887  (Stlldi  Botanici  Sugli  Agmmi  e  Sulle  Pianto 

Ii11,  *lgS-  3  and4’  P-  384>  has  figured  and  described  Colletotrichium 
d  ,so.faF  asAan  be  Judged  from  the  illustrations,  the  fungus  lias 
U  qa  cbaracteristic  of  that  u pon  tli  e  Bean.  In  his  Funghi  Agrumicoli ,  1 882, 
’  0.  ,  I  eimg  described  the  same  fungus  ’as  Vermicularia  gioeosporioides. 
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they  occur  indifferently  on  any  part  of  the  leaf,  often  running  to¬ 
gether,  forming  large  brown  patches,  and  in  severe  cases  they  occupy 
the  greater  part  of  its  surface,  seriously  interfering  with  the  process 
of  assimilation.  They  are  caused  by  the  growth  of  the  parasite 
within  the  tissues,  whose  limited  development  causes  the  sharply- 
defined,  rounded  outline  of  the  spots.  The  tissues  are  destroyed 
through  the  entire  thickness  of  the  leaf,  and  this  portion  often  breaks 
away  completely  from  the  surrounding  healthy  parts,  leaving  the 
leaf  full  of  round  holes.  Fungi  producing  this  effect  are  sometimes 
named  “shot-hole  fungi.”  In  advanced  stages  of  the  disease  the 
leaves  become  wrinkled  and  deformed;  finally*  losing  all  vitality,  fall 
to  the  ground. 

(c)  MICROSCOPICAL  CHARACTERS. 

A  section  through  one  of  the  spots  where  it  joins  the  healthy  tis¬ 
sue  shows  a  well-defined  boundary  in  the  tissues  by  a  peculiar  trans¬ 
formation  of  the  cells.  In  the  yellowish-green  border  by  which 
most  of  the  spots  are  surrounded  the  different  leaf  tissues  become  a 
homogeneous  mass  of  parenchyma ;  within  this  the  tissues  are  so 
shrunken  and  altered  that  the  cells  have  lost  all  definiteness  of  form 
and  contents,  forming  a  browm  and  disorganized  mass  (Fig.  1,  b). 

This  disease  appeared  to  be  sufficiently  important  to  demand  fur¬ 
ther  investigation,  and  some  time  was  occupied  in  this  work. 

Several  different  fungi  were  found  on  the  dead  spots,  those  worthy 
of  note  being  Macrosporium  catalpce  and  Phyllosticta  catalpce.  Both 
these  species  are  described  by  mycologists  as  forming  spots ;  both 
were  observed  on  the  same  spot,  and  the  mycelium  of  both  was 
found  penetrating  the  tissues. 

The  Macrosporium  is  the  more  abundant  of  the  two,  being  gen¬ 
erally  constant  on  both  sides  of  the  leaf,  excepting  on  the  very 
young  spots.  Its  growth  sometimes  extends  beyond  the  limits  of 
the  latter  to  the  green  tissues  immediately  surrounding  them.  The 
conidiophores,  or  spore-bearing  stalks  of  this  fungus,  are  reddish^ 
brown ;  they  occur  singly  or  in  groups,  and  on  the  under  side  of  the 
leaf  they  were  frequently  seen  emerging  from  the  breathing  pores  or 
stomata  (Fig.  2).  The  spores  (Fig,  2,  b,  and  3)  are  compound  or 
made  up  of  a  number  of  cells,  each  cell  or  division  being  capable  of 
ready  germination  (Fig.  3).  The  mycelium  produced  by  germina¬ 
tion  is  comparatively  large,  colorless,  frequently  divided  by  septa, 
and  its  growth  is  readily  carried  on  in  a  variety  of  media. 

The  sowing  of  fresh  spores  on  healthy  leaf  surfaces,  an  experi¬ 
ment  frequently  tried,  led  to  no  positive  results. 

The  species  of  Macrosporium  are  so  frequent  on  dead  vegetable 
substances  and  so  rarely,  if  ever,  found  alone  on  living  tissues  that 
they  are  generally  believed  purely  saprophytic  in  their  habits  and 
incapable  of  producing  direct  injury  to  living  plants.  If  this  be 
universally  true,  then  we  must  look  to  the  other  fungus  mentioned 
as  the  cause  of  the  leaf-spot  disease  under  discussion. 

The  Phyllosticta,  many  species  of  which  are  known  to  produce 
leaf-spot  diseases  in  other  plants,  found  on  the  spots  on  the  Catalpa 
leaves  is  doubtless  the  cause  of  them.  Its  mycelium  is  very  deli¬ 
cate,  being  much  finer  than  that  of  the  Macrosporium,  so  that  it  is 
very  difficult  to  see  it  in  diseased  substance  of  the  spots,  even  by  the 
most  careful  manipulation.  The  spores  of  this  fungus  (Fig.  5)  are 
formed  within  minute  black  conceptacles  or  pycnidia  (Fig.  4),  that 
are  developed  just  beneath  the  cuticle  of  the  leaf  which  their  growth 
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finally  ruptures.  These  conceptacles  are  visible  to  the  naked  eye, 
appearing  as  very  minute  black  points  on  the  surface  of  the  spots. 
They  are  not  abundant,  and  often  there  are  many  spots,  called  sterile, 
entirely  without  them.  The  spores  are  difficult  of  artificial  germi¬ 
nation,  and  no  results  were  attained  by  sowing  them  updn  healthy 
leaves. 

Possibly  the^e  is  some  genetic  connection  between  the  Macrospo- 
rium  and  the  Phyllosticta.  This  has  been  suggested  as  a  probability, 
but  the  studies  we  were  able  to  make  afforded  us  no  opportunity  to 
form  even  an  opinion  on  this  question. 

Where  a  few  trees  of  catalpa  are  grown  especially  for  shade  or 
ornament  it  may  be  possible  to  preserve  their  foliage  from  this  dis¬ 
ease  by  the  application  (preventive)  of  some  fungicide,  but  no  ex¬ 
periments  have  yet  been  made  with  this  end  in  view. 

10. — Black-spot  on  Kose  leaves. 

Actinonema  rosce. 

(Plates  VIII  and  IX. ) 

(a)  GENERAL  OBSERVATIONS. 

There  are  several  parasitic  fungi  that  produce  black  spots  upon 
the  leaves  of  our  cultivated  roses  ;  but  the  most  common  and  inju¬ 
rious,  and  the  one  to  which  we  generally  refer  in  speaking  of  the 
“leaf  spot,”  is  that  known  to  mycologists  as  Actinonema  rosce.  It 
was  named  Asteroma  rosce  by  Libert  as  early  as  1826,  and  afterwards 
transferred  to  the  genus  Actinonema  by  Fries.  It  is  also  called 
Asteroma  radiosum.  The  nature  of  the  disease  has  been  studied  and 
described  by  Frank  and  Eriksson,  and  Sorauer  describes  it  in  detail 
in  the  second  edition  of  his  work  on  “Diseases  of  Plants.” 

The  disease  is  very  wide-spread,  occurring  in  nearly  all  the  coun¬ 
tries  of  Europe  as  well  as  in  the  United  States.  Here  it  is  quite 
universal,  although  there  are  local  areas  apparently  free  from  it. 

( b )  EXTERNAL  CHARACTERS. 

Late  in  the  spring,  or  early  in  the  summer,  the  disease  makes  its 
appearance  in  the  form  of  round  or  irregularly-shaped  black  spots 
upon  the  upper  surface  of  the  living  leaves.  Generally  only  the  full- 
grown  leaves  are  attacked,  and  those  within  three  or  four  inches  of 
the  branches  seem  to  be  healthy. 

The  spots  are  small  at  first,  but  as  the  disease  progresses  they  in¬ 
crease  in  size,  and  may  become  half  an  inch  in  diameter.  Often  a 
number  of  them  coalesce,  and  in  severe  attacks  the  leaf  is  nearly 
covered  with  large  dark  patches. 

From  the  beginning  the  spots  are  fringed  at  the  edges,  and 
although  the  form  is  frequently  irregular  at  first,  they  usually  become 
distinctly  circular  later,  especially  on  the  smooth-leaved  varieties. 
In.  the  latter  part  of  the  season  the  spots  grow  light  colored  and  dry 
in  the  center,  showing  that  that  part  of  the  leaf  is  entirely  dead,  and 
hy  tins  time,  if  not  before,  the  discoloration  penetrates  through  the 
leaf  and  appears  on  its  under  side. 

I  lie  moss  roses  and  those  with  thick  rough  leaves,  seem  to  suffer 
more  than  other  kinds,  but  there  are  few,  if  any,  that  are  invulner- 
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able  to  the  parasite.  Those  which  escape  early  in  the  season  are  apt 
to  succumb  before  fall  if  the  other  roses  in  the  vicinity  are  diseased. 

The  effect  of  the  disease  upon  the  leaf  is  soon  apparent  by  its  turn¬ 
ing  yellow  in  places,  and  sometimes  by  a  yellow  band  outside  the 
black  spot.  When  cold  weather  approaches  the  leaves  that  are  dis¬ 
eased  are  the  first  to  turn  yellow.  During  the  autumn  the  yellow 
color  is  apt  to  appear  at  the  apex  of  the  leaflets,  whence  it  spreads 
downward  and  is  succeeded  by  brown.  A  leaf  with  a  green  base  and 
brown  tip  with  a  yellow  band  between  is  very  characteristic  of  this 
disease.  Premature  fall  of  the  leaves  is  another  effect  of  this  para¬ 
site.  Diseased  leaves  may  fall  before  they  turn  yellow,  and  plants 
attacked  by  the  fungus  generally  have  a  partly  defoliated  appear¬ 
ance. 

It  is  evident  that  we  have  here  a  case  in  which  the  effect  of  the 
fungus  is  not  confined  to  the  area  it  actually  occupies.  Its  growth 
does  not  extend  over  all  those  parts  of  the  leaf  which  turn  yellow, 
nor  can  any  mycelium  be  found  at  the  base  of  the  petiole  when  the 
leaf  falls  before  its  time.  It  seems  that  the  interference  with  assim¬ 
ilation  which  must  result  over  the  diseased  areas  so  affects  the  entire 
leaf  as  to  destroy  its  vitality.  If  the  autumn  is  long  and  pleasant 
the  plant  is  apt  to  exhaust  itself  by  putting  out  new  leaves,  which 
are  destroyed  by  frost  before  they  can  be  of  any  service. 

The  fungus  is  very  hardy  and  does  not  depend  to  any  great  extent 
upon  climatic  conditions  for  its  development,  but  like  other  diseases 
of  this  kind  it  proves  most  troublesome  in  a  moist  and  warm  environ¬ 
ment. 

Roses  kept  under  cover  are  better  protected  from  infection,  and 
are  consequently  more  free  from  the  disease.  This  explains  why  tea 
roses  and  others  that  are  kept  in  greenhouses  over  winter  are  not  so 
badly  affected  as  those  in  open  grounds.  The  truth  is,  probably, 
that  the  disease  has  a  long  period  of  incubation  before  it  is  visible, 
and  before  this  period  is  over  for  roses'  that  have  been  potted  the 
season  is  far  advanced  and  they  do  not  have  time  to  get  badly  dis¬ 
eased  before  they  are  potted  again. 

(c)  BOTANICAL  CHARACTERS. 

The  parasite,  as  it  is  known  on  the  rose,  is  probably  but  one  stage 
in  the  life  history  of  the  fungus.  From  its  analogies  it  is  classed 
with  the  sphmriaceous  fungi,  although  so  far  as  recorded  no  peri- 
thecia  have  been  observed  in  this  species.  But  in  other  species 
similar  in  habit  to  this  one,  perithecia-like  forms,  more  accurately 
known  as  pycnidia,  occur. 

Mycelium. — The  mycelium  is  composed  of  two  distinct  parts,  one 
situated  between  the  cuticle  and  epidermis  (Plate  IX,  Fig.  2,  b),  and 
the  other  penetrating  the  leaf  tissues.  The  former  is  apparently 
superficial  (Plate  VIII,  Fig.  2),  as  it  shows  through  the  transparent 
cuticle.  It  is  composed  of  branched  septate  hyphse  that  radiate  from 
a  center  and  lie  side  by  side  in  strands  of  from  one  to  eight  (Plate 
VIII,  Figs.  2  and  3).  When  a  hyplia  branches  it  may  run  along 
parallel  to  the  main  thread  or  may  bend  off  at  an  acute  angle  and 
form  an  independent  strand  (Plate  VIII,  Fig.  3).  Other  mycelial  fil¬ 
aments  branch  off  from  the  under  surface  of  this  superficial  layer 
and  penetrate  the  leaf  tissues,  first  entering  the  epidermal  cells  and 
sometimes  nearly  filling  them  with  convolutions  (Plate  IX,  Fig.  2). 
From  these  it  pushes  between  the  palisade  cells,  and  finally  appears 
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in  the  loose  parenchyma  (Fig.  3).  Below  the  epidermal  cells  it  is 
rarely  visible,  since  it  is  so  transparent  that  it  is  easily  concealed  by 
the  cell  contents  ;  but  when  the  cells  are  dead  and  shrunken  it  can 
be  seen  between  them  (Fig.  3).  It  penetrates  the  tissues  very  slowly, 
and  reaches  the  loose  parenchyma  only  in  the  last  stages  of  the  dis¬ 
ease.  This  second  portion  of  the  mycelium  absorbs  nourishment  for 
the  entire  fungus. 

Spores. — The  spores  are  borne  upon  the  superficial  layer.  Short 
vertical  branches  may  arise  upon  any  of  the  strands  ;  these  branches 
force  the  cuticle  apart  from  the  epidermis  and  soon  form  colorless 
two-celled  spores  upon  very  short  basidia.  When  the  spores  are 
nearly  full-grown  the  pressure  upon  the  cuticle  becomes  great  enough 
to  rupture  it  irregularly  (Plate  IX,  Fig.  2,  b),  allowing  the  spores  to 
escape  (Plate  IX,  Fig.  2).  The  mature  spore  is  deeply  constricted 
at  the  union  of  the  two  cells.  The  cells  are  oblong,  nearly  twice  as 
long  as  broad,  sometimes  larger  at  the  ends  than  in  the  center,  and 
contain  two  nuclei.  Sometimes  the  two  cells  fall  apart;  and  before 
they  become  free  from  their  basidia,  the  lower  one  frequently  has 
the  appearance  of  a  pedicel  (Fig.  4). 

The  effect  of  the  parasite  upon  the  leaf  tissues  is  at  first  apparent 
in  the  shape  of  a  dark  yellow  mass,  evidently  composed  of  the  trans¬ 
formed  cell  contents  that  collect  in  the  upper  part  of  the  epidermal 
cells.  The  upper  row  of  palisade  cells  next  become  discolored,  and 
the  chlorophyll  bodies  disorganized,  and  this  process  slowly  extends 
through  the  leaf.  It  is  this  discoloration  of  the  cell  contents  that 
gives  the  dark  color  to  the  spot.  In  some  species  of  Actinonema 
the  mycelium  itself  is  dark  colored  ;  but  on  the  rose  it  has  little  or 
no  color,  and  the  fringed  appearance  of  the  spots  is  due  to  the  fact 
that  a  few  discolored  cells  follow  the  mycelium  where  single  strands 
project  beyond  the  others.  Just  underneath  the  fruiting  spots  the 
mycelium  seems  to  have  some  color  (Fig.  2,  cl),  and  these  spots  look 
blacker  than  the  surrounding  surface. 

(d)  TREATMENT. 


Owing  to  the  hardy  nature  of  the  fungus  and  to  the  fact  that  the 
mycelium  develops  within  the  leaf  tissues,  the  disease  is  very  diffi¬ 
cult  to  deal  with.  Although  the  fungus  does  not  live  over  winter  in 
the  woody  portions  of  the  plant,  the  disease,  having  once  entered  a 
garden,  is  sure  to  re-appear  for  successive  seasons,  for  the  spores  are 
lodged  upon  the  buds  at  the  bases  of  the  petioles  by  water  trickling 
down  the  leaf- stalk,  and  the  shoot  springing  from  these  the  following 
season  is  necessarily  tainted.  For  the  same  reason  cuttings  from  dis- 
easecl  bushes  will  spread  the  fungus.  Unless  some  plan  can  be 
adopted  by  which  the  spores  can  be  destroyed  early  in  the  season, 
before  they  have  germinated  and  produced  a  mycelium  within  the 
leaves,  a  garden  once  infested  by  the  parasite  is  beyond  recovery,  and 
a  new  site  must  be  selected  in  which  no  roses  must  be  planted  that 
are  not  perfectly  healthy. 

.  P  Pr°hable,  however,  that  we  may  succeed  in  saving  roses  once 
attacked,  h  or  this  purpose  all  the  leaves  should  be  carefully  burned 
m  ie  rail,  and  the  bushes  and  ground  carefully  sprayed  with  some 
fungicide  before  the  buds  start  in  the  spring.  Much  may  also  be 

done  by  picking  and  burning  every  leaf  as  soon  as  it  shows  the 
faintest  trace  of  disease. 


n  ^  a°^Ui  a°n  ,(‘°PPei*  sulphate  may  be  used  for  spraying  the  bushes, 
but  should  not  be  used  upon  the  leaves,  as  it  will  be  apt  to  burn  the 
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foliage.  After  the  leaves  have  started  applications  of  Bordeaux 
mixture  or  eau  celeste,  modified  by  the  addition  of  carbonate  of  soda, 
will  be  beneficial  in  preventing  the  spread  of  the  disease.  This  treat¬ 
ment  should  be  repeated  three  or  four  times  during  the  season,  so  as 
to  protect  succeeding  growths  of  leaves. 

11. — Rose  rust. 

Phragmidium  mucronatum,  Winter. 

(Plates  X  and  IX. ) 

(a)  HISTORICAL, 

The  rust  of  roses  is  a  disease  which  has  been  known  to  botanists 
and  horticulturists  for  nearly  a  century.  The  minute  parasitic  fun¬ 
gus  causing  the  malady  was  first  described  by  Schrank,  *  a  European 
botanist,  under  the  name  of  Lycoperdgn  subcorticium.  Many  later 
botanists  have  described  it  under  various  names,  f 

For  a  long  time  it  was  retained  in  the  genus  Puccinia ,  but  Link, 
in  1825,  placed  it  in  the  genus  Phragmidium,  where  it  still  remains.! 

This  parasite  is  common  in  Europe  and  is  widely  distributed  in 
this  country,  attacking  both  wild  and  cultivated  plants  ;  in  severe 
cases  the  death  of  the  host  is  the  result.  It  has  recently  been  ob¬ 
served  in  California,  by  Prof.  S.  M.  Tracy,  infesting  to  an  injurious 
degree  hybrid  perpetual  roses ;  in  one  instance  a  Mardchal  Riel, 
growing  in  a  greenhouse,  was  very  badly  affected.  Tea  roses  rarely 
suffer  from  its  ravages;  it  is  the  hardy,  hybrid  perpetuals  that 
suffer  most. 

(5)  external  characters  (Plate  X,  Figs.  1  and  2). 

Early  in  summer  the  disease  first  makes  its  appearance  on  the 
leaves,  leaf  petioles,  or  young  stems  in  the  form  of  variously-shaped 
lemon-yellow  spots,  which  increase  in  size  as  the  season  advances. 
On  the  leaves  the  spots  are  scattered  irregularly  over  both  surfaces, 
being  lighter  in  color  above  and  below.  These  spots  mark  the  points 
of  development  of  the  fungus,  and  as  this  development  progresses 
within  the  tissues  the  parasite  finally  breaks  through  the  epidermis 
on  the  under  surface  of  the  leaves,  rormiim  little  granular  pustules. 
The  larger  pustules  appear  on  the  principal  vines,  along  which  they 
may  extend  for  a  considerable  distance.  When  the  nerves  are  thus 
attacked  the  leaves  become  twisted  and  misshapen. 

*  Hopp’s  Bot.  Tasclib.,  p.  68. 

f  Ascophora  disciflora,  Tode,-  Mcke.  Fung.,  page  16.  Aregma  mucronatum, 
Fries,  Obs.  Myc.,  I,  page  225.  Phragmidium  incrassatum  var.  rosarum,  Wallr,, 
Flor.  Germ.  Crypt.,  IV,  page  188.  Phragmidium  mucronatum,  Lk.,  Spec.  Plant, 
II,  page  84.  Puccinia  mucronata  var .  roscc,  Pers.,  Syn.  Fungi,  page  230.  Puc¬ 
cinia  roscc,  D.  C. ,  Flor.  Franc.,  vol.  2,  page  218.  Uredo  roscc,  Pers.,  Dispos. ,  page 
13.  Uredo  miniata,  Pers.,  Syn.,  page  216.  Uredo  elevata,  Schum.,  Enum.  Plant. 
Sacll.,  II,  page  229.  Uredo pinguis,  D.  C.,  Flor.  Franc.,  II,  page  225. 

t  It  appears  to  us  that  the  name  given  this  fungus  by  Link,  Phragmidium  mu¬ 
cronatum,  is  the  one  which  ought  to  be  adopted,  it  being  the  earliest  name  applied 
to  this  species  in  the  genus  Phragmidium.  It  is  certainly  straining  a  point,  need¬ 
lessly  multiplying  synonyms,  and  confusing  the  citations  of  authors  to  revive  a  part 
of  an  older  name  after  the  fungus  has  already  been  published  under  Phragmidium 
merely  for  the  sake  of  paying  tribute  (doubtful  in  some  cases  at  least)  to  him  who 
first  describes  the  fungus  or  one  stage  in  its  development. 

AG  87 - 24 
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The  spots  on  the  leaf  stalks  and  shoots  are  usually  larger  than 
those  on  the  leaves.  _  They  are  elongated  in  the  direction  of  growth 
(one-half  inch  sometimes),  and  are  surrounded  by  the  broken"'  edges 
of  the  ruptured  cuticle.  The  action  of  the  parasite  often  incites  an 
excessive  cell  development  in  the  tissues  of  the  host,  in  consequence 
of  which  the  shoots  are  found  more  or  less  bent  away  from  the  point 
of  attack  (Fig.  1,  a). 

If  we  examine  the  rose  leaves  closely  about  mid-summer  we  will 
find  that  the  orange-yellow  spots  have  been  replaced  (to  all  appear¬ 
ances)  by  spots  of  a  brick-red  color,  and  later  in  the  season  another 
and  more  marked  change  occurs ;  the  under  surfaces  of  the  dis¬ 
eased  leaves  then  are  seen  to  be  more  or  less  thickly  sprinkled  with 
minute  black,  hair-like  tufts.  Frequently  the  brick-red  stage  and 
the  one  last  mentioned  are  found  together  (Fig.  2),  and  sometimes  all 
three  forms  may  be  seen  on  the  same  leaf. 

(c)  BOTANICAL  CHARACTERS. 

.  A  microscopical  examination  of  the  early  or  orange  stage  ’  of  the 
disease  will  show  us  that  the  pustules  are  made  up  of  an  immense 
number  of  globose  or  angular  bodies  arranged  in  compact  vertical 
rows  or  chains  (Plate  X,  Fig.  3).  The  formation  of  these  bodies 
begins  at  a  point  some  distance  beneath  the  cuticle,  and  it  is  by  their 
growth  that  the  latter  is  finally  ruptured.  This  period  of  develop¬ 
ment  is  known  as  the  eecidio-sfcage  of  the  parasite,  and  the  angular 
or  rounded  bodies  referred  to  are  the  secidiospores.  These  have  an 
average  diameter  of  from  18//  to  22 p  (l//=rsW=»inch)>  and,  like  the 
seeds  or  higher  plants,  they  serve  to  spread  and  propagate  tin*  fungus. 
Adth  these  spores,  usually  surrounding  each  group  or  pustule,  are 
peculiar  club-shaped  growths  termed  paraphyses  (Fig.  3,  a  a). 

In  the  second  or  uredo-stage  the  spores  are  similar  in  shape  and 
size  to  the  secidiospores,  but  they  have  their  outer  surface  finely 
roughened  and  they  are  grouped  differently  (Plate  X,  Figs.  3  and  4) 
Surrounding  each  collection  of  these  spores  the  same  club-shaped 
b°d]es  observed  in  the  secidio-stage  occur.  These  are  sterile  organs 
of  doubtful  function,  which  accompany  the  spores  of  many  fungi. 
In  the  present  instance  they  have  obtuse  club-shaped  tips  and  are 
somewhat  incurved  and  forma  sort  of  cup  around  the  spore  masses.* 
The  spores  in  this  second  or  uredo-stage  are  borne  on  short  pedi¬ 
cels  and  otherwise  differ  from  the  secidiospores  in  having  their 
outer  surface  roughened  (Fig.  4). 

d  be  spoies  in  the  third  or  last  stage  are  very  markedly  different 
from  those  preceding.  They  appear,  when  magnified,  as  illustrated 
m  t  late  X  h  ig.  7.  A  more  highly  magnified  figure  of  one  of  these 
spores  is  shown  m  Plate  IX,  Fig.  5.  They  are  very  dark  colored 
rougJiened,  cylindrical  bodies,  about  25//  in  diameter  and  60 g  to  75  u 
di\  icied  by  septa  into  from  5  to  11  cells  and  abruptly  termi¬ 
nated  by  a  short,  colorless  point.  The  stalks  supporting  them  are 
comparatively  short,  colorless,  and  considerably  enlarged  or  swollen 
towards  the  base.  The  same  colorless  paraphyses  accompany  this 
stage  as  were  seen  m  the  two  preceding, 

Ihe  aecidio  and  uredospores  germinate  readily,  under  favorable 
conditions,  as  soon  as  thny  reach  maturity;  but  when  kept  dry  for  a 

•  *.  3  uredo-sta,ge  of  this  fungus  has  recived  several  names  by  the  older  mycolo¬ 
gists,  among  them  Ureds,  tmmata,  Pern.,  and  Oolceospormm  mbwiimrn<  Lev.  3 
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few  weeks  they  lose  this  power  of  germination.  The  last  spores 
formed,  however,  the  telentospores,  as  they  are  called,  retain  their 
vitality  for  a  long  time  and  can  rarely  be  germinated  by  artificial 
cultures  until  the  spring  following  the  season  of  their  development. 
In  the  process  of  germination  the  spores  of  the  first  and  second  stages 
send  out  slender  germ  tubes  which,  if  properly  placed,  penetrate  the 
tissues  of  the  plants  attacked.  These  spores  are  evidently  designed 
for  the  immediate  and  rapid  propagation  of  the  fungus  during  the 
growing  season,  while  the  telentospores  preserve  the  life  of  the  para¬ 
site  during  the  winter  and  only  germinate  in  the  spring,  ultimately 
giving  rise  to  the  various  forms  we  have  described. 

The  teleutospores  germinate  by  sending  out  somewhat  thickened 
tubes  (usually  one  tube  issues  from  each  cell)  which,  after  attaining 
a  length  several  times  that  of  the  spore,  produce  several  minute 
globose  bodies  on  short  and  slender  stalks.  These  bodies,  named 
sporidia,  are  easily  wafted  from  place  to  place  by  the  slightest  cur¬ 
rents  of  air,  and  when  they  fall  upon  Rose  leaves  where  there  is 
moisture  they  send  out  slender  filaments  which  probably  bore  their 
way  through  the  cuticle  into  the  interior  of  the  leaf,  and  a  new  fun¬ 
gus  growth  takes  place. 

( d )  TREATMENT. 

Understanding  the  character  and  manner  of  development  of  the 
Rose  rust  enables  us  to  suggest  several  methods  of  combating  it.  In 
the  first  place  the  plants  should  be  carefully  watched,  and  at  the  first 
appearance  of  the  disease  the  affected  branches  should  be  removed 
and  destroyed.  If  the  disease  re-appears  upon  the  new  growth  it 
would  be  best  to  dig  out  the  plants  and  destroy  them,  as  it  is  better 
to  sacrifice  a  few  plants  at  the  beginning  than  have  them  breed  in¬ 
fection  to  all  others  which  may  be  near. 

Never  wait  until  the  spots  show  the  granular  pustules  before  destroy¬ 
ing  the  affected  parts,  but  remove  the  shoots  upon  the  first  indica¬ 
tion  of  the  yellow  spots.  Where  the  disease  has  prevailed  it  would 
be  well  to  rake  all  the  old  and  fallen  leaves  together  in  the  autumn 
and  burn  them,  for  by  this  means  millions  of  the  teleutospores  will 
be  destroyed. 

It  is  probable  that  some  benefit  may  result  from  the  use  of  solu¬ 
tions  containing  sulphate  of  copper,  as  this  substance  is  known  to 
prevent  the  spores  of  many  fungi  from  germinating,  even  when  pres¬ 
ent  on  the  parts  subject  to  attack  in  very  small  quantities. 

In  localities  where  the  disease  has  prevailed  in  previous  years  a 
preventive  treatment  may  be  made  by  applying  to  the  plants  in 
early  spring,  a  solution  of  sulphate  of  copper  and  carbonate  of  soda, 
prepared  as  directed  on  page  331.  This  should  be  applied  to  the 
leaves  and  young  branches  with  an  atomizer,  thoroughly  wetting 
all  the  parts,  but  not  drenching  them  with  the  fluid.  After  drying 
this  preparation  is  strongly  adherent,  and  its  presence  even  in  very 
minute  quantities  is  sufficient  to  prevent  the  spores  of  the  fungus 
from  germinating.  It  is  obvious  that  if  the  germination  of  the  spores 
is  prevented  infection  can  not  take  place.  A  very  dilute  solution  of 
chloride  of  iron,  which  is  reported  to  have  proved  efficacious  in  the 
treatment  of  the  coffee  disease  {Hemileia  vasfafo'ix))  may  also  be 
tried  as  a  preventive. 
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12. — The  rose  Phragmidium. 

Phragmidium  speciosum,  Fries. 

(a)  GENERAL  OBSERVATIONS. 

The  Rose  Phragmidium  belongs  to  the  Uredinice  or  rust-produc¬ 
ing  fungi,  and  like  the  preceeding,  to  which  it  is  closely  related,  it  is 
a  parasite  of  the  rose,  confining  its  attacks,  however,  to  the  steins, 
rarely,  if  ever,  infesting  the  leaves,  although  it  is  sometimes  found 
upon  the  leaf  stalks.  It  was  first  described  by  Schweinitz,  an  Amer¬ 
ican  botanist,  in  1822,  under  the  name  Seiridium  marginatum.  Later 
it  was  placed  in  the  genus  Phragmidium  by  Fries,  who  named  it 
Phragmidium  speciosum . 

It  is  quite  generally  distributed  throughout  this  country,  and  com¬ 
plaints  have  been  received  by  this  Section  of  the  injury  it  has  oc¬ 
casioned,  one  correspondent  stating  that  his  plants  had  been  infested 
for  four  or  five  years,  the  stems  attacked  being  invariably  killed. 

(I b )  BOTANICAL  CHARACTERS. 

Doubtless  this  species  produces  the  same  spore  forms  as  does  Phrag¬ 
midium  subcorticium ,  but  the  samples  forwarded  to  us  for  investi¬ 
gation  exhibit  only  the  last  stage  or  mature  form.  In  this  condition 
the  fungus  appears  on  the  stems  as  illustrated  in  Plate  IX,  Fig.  6, 
thickly  covering  them  with  black,  irregular  masses,  suggesting  at 
first  sight  the  appearance  of  certain  species  of  bark-lice.  A  closer 
inspection  of  the  cushion-like  masses  reveals  their  true  nature,  and 
a  microscopical  examination  shows  that  they  are  really  composed  of 
a  dense  growth  of  fungus  spores  supported  on  long  slender  stalks. 
Several  of  these  spores  are  represented  in  Fig.  7.  They  are  brown  in 
color,  five  to  seven  celled,  with  a  somewhat  abruptly- pointed  color¬ 
less  apex,  and  are  particularly  attractive  objects  under  the  micro¬ 
scope.  In  size  they  are  about  30 p  in  diameter  by  from  70/*  to  100/t 
in  length.  The  supporting  stalk  is  many  times  the  length  of  the  spore, 
slightly  tinted  in  its  upper  part,  but  colorless  below,  and  nearly  uni¬ 
form  in  diameter  throughout. 

The  body  of  the  fungus  (stroma),  from  which  arise  the  spores,  does 
not  penetrate  into  the  woody  tissue  of  the  stem,  but  its  growth  seems 
to  be  confined  to  the  inner  bark  and  cambium  layer,  the  life  of  which 
it  destroys.  In  severe  cases  the  stems  are  often  completely  girded 
by  the  parasite,  so  that  the  fatal  results  arising  from  its  attacks  are 
not  difficult  to  understand. 


(C)  TREATMENT. 

The  fungus  re-appears  each  year  on  the  same  stems,  if  they  survive, 
indicating  that  it  is  perennial  in  habit,  a  fact  making  it  all  the  more 
difficult  to  combat,  for  there  seems  to  be  no  remedy  that  will  destroy 
the  parasite  which  will  not  be  equally  destructive  to  the  host. 

Heroic  treatment  with  the  knife,  cutting  away  all  the  diseased 
stems  and  burying  them,  is  all  that  we  can  now  recommend.  A  more 
complete  knowledge  of  the  development  and  life  history  of  the  para¬ 
site  may  enable  us  to  successfully  combat  without  resorting  to  such 
severe  measures. 
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13. — The  powdery  mildew  of  the  gooseberry.* 
Sphccrotheca  mors-uvce,  B.  and  C. 

(Plate  XI.) 

(a)  GENERAL  REMARKS  UPON  THE  GROWTH  AND  DEVELOPMENT  OF  THE  POWDERY 

MILDEWS. 

The  mildew  that  has  proved  so  destructive  to  the  gooseberry  in¬ 
dustry  in  the  United  States,  is  a  member  of  a  group  of  fungi  known 
to  botanists  as  the  Erysiphece.  The  species  of  this  group  are  mainly 
parasitic  upon  higher  plants,  and  several  of  them  rank  among  the  most 
injurious  of  fungi  to  cultivated  crops.  The  family,  according  to  Sac- 
cardo,f  is  divided  into  nine  genera,  embracing  a  hundred  species, 
about  half  of  which  are  found  in  this  country. 

Among  the  leading  species  preying  upon  cultivated  plants  is  Po- 
dosphcera  tridactyla,  Be  By.  This  is  often  abundant  upon  the  leaves 
and  twigs  of  cherry,  plum,  and  young  apple  trees,  and  does  much  dam¬ 
age  in  some  localities.  Phyllactina  suffulta,  Sacc.,  infests  many 
species  of  forest  trees,  as  the  oak,  beech,  birch,  ash,  and  catalpa. 
Uncinula  solids ,  Winter,  is  common  upon  willow  leaves,  while  U. 
drdnata,  G  and  P.,  does  much  injury  to  the  maple,  especially  the 
seedling  plants.  Bast  autumn  it  was  difficult  to  find  a  young  soft 
maple  that  did  not  have  its  leaves  badly  affected  with  this  mildew. 
U.  spiralis,  B.  andC.  (U.  Americana,  Howe)  is  the  Powdery  mildew 
of  the  grape,  fully  treated  in  Bulletin  Ho.  2,  Botanical  Division,  pp. 
18-28.  Other  species  of  the  genus  Uncinula  grow  upon  our  Virginia 
creeper,  mulberry,  linden,  poplar,  and  elm.  The  large  genus  Micro- 
sphccra  is  well  represented  in  the  United  States.  The  species  upon 
the  lilac,  M.  alni,  Wint.  (M.  Friesii,  Lev.),  is  perhaps  the  most  com¬ 
mon.  It  infests  the  birches  and  buck-thorn  in  Europe,  but  does 
not  thrive  there  upon  the  lilac.  Other  species  are  found  upon  the 
honeysuckle,  buttonwood,  oxalis,  elder,  dog-wood,  oaks,  beeches, 
and  other  hosts.  The  genus  Erysiphe  is  the  largest  in  number  and 
has  a  fair  share  of  its  members  in  this  country.  E.  cichoracearum, 
DC.,  flourishes .  upon  many  compositse,  and  may  prove  injurious  to 
cultivated  members  of  this  great  Sunflower  family  of  plants.  The 
most  troublesome  species  is  E.  communis,  Fr.  Lev. ,  which  infests  all 
parts  of  the  cultivated  peas,  often  doing  mnch  injury.  Grasses  are 
frequently  attacked  by  members  of  the  genus  Erysiphe,  and  become 
coated  with  a  whitish  powdery  mildew.  June  grass  is  a  favorite  sub¬ 
ject  for  mildew.  Erysiphella  is  a  genus  with  a  single  known  species 
which  preys  upon  the  flower  clusters  of  the  alder,  giving  them  a 
mealy  appearance. 

The  members  of  the  whole  family  are  much  alike  in  their  vegeta¬ 
tive  condition,  and  differ  principally  in  the  structure  of  their  sporo- 
carps,  or  cases  for  bearing  their  several  spores.  These  mildews  are 
all  filamentous  fungi  that  attack  the  host  only  upon  its  surface  and 
give  to  the  exterior  a  whitish  or  powdery  appearance.  It  is  on  ac¬ 
count  of  this  prevailing  mealy  or  flour-like  coating  that  the  common 
name  of  “  Powdery  mildew'7  has  been  given  to  the  members  of 
this  group.  The  slender  filaments  of  the  fungus  may  become  at¬ 
tached  to  the  surface  cells  of  the  host  by  short  irregular  outgrowths 
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(haustoria)  which  also  serve  to  absorb  the  nourishment  required  for 
the  further  growth  of  the  mildew.*  After  the  mildew  has  grown 
for  a  time  upon  the  surface  of  the  host— most  usually  upon  the 
foliage — it  begins  to  send  up  vertical  branches  from  the  net-work  of 
horizontal  filaments.  These  upright  threads  quickly  form  small 
oblong  cells  by  division  walls  across  the  filament  near  the  tip  (Plate 
XI,  Fig  1).  These  cells  are  the  summer  or  asexual  spores  and  are 
capable  of  germinating  at  once  when  favorable  conditions  are  found. 
These  conidial  spores  furnish  a  very  rapid  method  of  propagation 
for  the  mildew,  and  on  account  of  their  small  size  and  powdery 
nature  they  may.  be  carried  for  long  distances  by  the  wind  and  thus 
spread  the  parasite  with  startling  speed. 

Up  to  this  point  in  the  life  history  of  the  Erysiphece  one  species  is 
so  much  like  that  of  the  others  that,  unless  something  further  is 
known,  the  form  is  not  classified,  or  at  least  only  provisionally. 
Oidium  is  an  old  genus  which  was  used  to  include  the  conidial  forms 
of  the  Erysiphew ,  and  to  this  time  this  is  still  true  in  some  measure. 
For  example,  Oidium  Tucker i  is  the  conidial  form  of  a  mildew  which 
has  ravaged  the  vineyards  of  Europe,  but  of  which  the  final  state  is 
not  known. .  We  have  a  mildew  of  the  vine  which  bears  its  sexual 
spores,  and  is  classified  as  TJncinula  spiralis,  B.  and  C.  It  may  be  that 
this  is  the  species  which  leads  an  incomplete  existence  in  the  Euro¬ 
pean  vineyards,  owing  to  the  changed  conditions  that  there  obtain. 
Any  student  of  this  group  is  quite  certain  to  have  an  undetermined 
package  of  specimens  that  include  only  conidial  forms.  The  writer 
has  recently  collected  some  branches  from  a  live  oak  in  California, 
the  whole  surface  of  which,  dwarfed  leaves  included,  is  heavily 
coated  with  a  powdery  mildew,  but  from  a  lack  of  the  whole  life  his- 
t°JT  the  specimens  remain  among  the  unclassified. 

The  genera  and  species  of  the  Erysiphece  are  founded  uporf  the 
sexual  spores  and  the  cases  (perithecia)  which  bear  them.  The  for¬ 
mation  of  these  spores  takes  place  usually  after  the  season  of  most 
rapid  growth  of  the  mildew  is  closed.  Two  filaments  unite  their  con¬ 
tents  (I  lg,  3)  and  the  invigorated  protoplasm  begins  a  new  form  of 
development,  in  which  a  sac  is  formed  consisting  of  a  nearly  spher¬ 
ical  shell  of  thick  walled  cells  (Fig.  4).  In  this  hollow  sphere  are  pro- 
uced  the  spores  borne  within  one  or  more  sacs.  To  repeat,  the  male 
e  ement  or  one  filament  fertilizes  the  female  cell  contents,  and  the 
latter  produce  a  number  of  spores  which  are  borne  within  a  sac,  and 
ins  sac  (or  sacs)  is  contained  within  a  thick-walled  body,  all  of 
win  on  is  seen  as  a  small  dark  speck  upon  the  surface  of  the  mildewed 
plant.  I  he  fungus  at  this  time  is  usually  of  a  rusty  brown  color,  in- 
e  l  winte  and  powdery  as  in  its  earlier  summer  condition.  These 
A  ^  or.  Per.fihpcial  spores  (ascospores)  do  not  germinate  at  once, 
cAn  l'  ™am  protecting  covering  until  spring,  and  then  be- 

f  lout  ”?f  developments  and  repeat  the  mildew  of  the  pre- 

ber  of  ^n^-  T1)e  g^ner^of  Erysiphece  are  founded  upon  the  num- 
the  -mil  ^acs  (asci)  within  the  penthecium  and  the  character  of 
There  is  n  fhiwPf  ■ ridag®s  which  are  developed  upon  the  spore  case. 
- — A  ■  01  ln  spore  which  is  borne  in  large  numbers  within 

thtotah^^  Link),  the  Rose  mildew,  e.  very 

threads  which  rest  on  ti  k  aPPeai  on  that  side  of  the  colorless,  septate,  mycelial 
through  the  outer  wall  of3 th?PeWaUrfaC?  °fnthe  r?s®leaf’  These  projections  bore 
into  a  bladder-shaped  bodv  P1(teripal  cells,  and  these  swell  out  in  the  interior 
plete  haustorium.  — Sorauer.  lheSG  ladder-form  projections  represent  the  com- 
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long,  pear-shaped  sacs  (Fig.  2)  that  often  aocompany  the  perithecia, 
hut  arise  without  any  sexual  action.* * * § 

With  this  brief  outline  of  the  development  and  growth  of  the 
((  powdery  mildews  ”  we  may  follow  understandingly  the  life  history 
of  the  gooseberry  mildew,  Sphoerotheca  mors-uvce ,  B.  and  0, 

[b)  SEVERITY  OF  THE  DISEASE, 

In  order  that  no  one  may  doubt  the  destructiveness  of  tills  mildew 
in  the  United  States,  the  following  statements  are  quoted  from  the 
leading  standard  authors  upon  fruit  culture  in  this  country.  Mr. 
Downing,  after  stating  that  our  gooseberries  come  from  Northern 
Europe,  our  native  species  not  having  responded  rapidly  to  the  im¬ 
proved  condition  of  garden  culture,  and  that  the  moist,  cool  climate 
of  England  is  the  most  perfectly  adapted  to  the  growth  of  the  goose¬ 
berry,  says:f 

Under  our  more  clear  and  hot  sun,  however,  the  best  varieties  of  the  English 
sorts  do  not  succeed  well,  suUering  from  mildews  of  the  fruit  and  foliage  in  nearly 
every  locality.  '  , 

Patrick  Barry  %  says: 

The  gooseberry  suffers  seriously  from  the  mildew,  owing  mainly  to  the  heat  of 
our  summers. 

J.  J.  Thomas,  §  under  “  Mildew  of  the  gooseberry,”  writes: 

This  is  the  most  serious  obstacle  to  successful  culture  of  the  foreign  gooseberry  in 
the  United  States.  In  the  cool  and  moist  climate  of  England  it  does  not  exist;  in 
the  extreme  northern  parts  of  the  Union  it  is  not  formidable,  but  on  approaching 
the  Middle  States,  although  the  bushes  grow  vigorously  and  set  abundant  crops  of 
young  fruit,  the  latter  becomes  covered  with  a  thick  brown  or  gray  mildew  or 
scurf  which  destroys  their  value. 

A.  S.  Fuller  ||  writes  of  mildew: 

This  is  the  one  great  enemy  of  the  gooseberry  in  the  United  States.  It  not  only 
attacks  the  fruit,  but  often  extends  over  the  whole  plant,  effectually  checking  its 
growth.  So  prevalent  has  this  become  that  the  foreign  varieties  are  almost  univer¬ 
sally  discarded,  as  there  are  few  localities  where  they  will  succeed. 

E.  P.  Roe3f  says  of  the  gooseberry: 

This  native  of  Northern  Europe  and  the  forests  of  the  British  Islands  has  boon 
developed  into  superb  varieties  which  have  been  famous  so  long  in  England,  but 
which  we  are  able  to  grow  with  only  partial  success.  It  remembers  its  birthplace 
even  more  strongly  than  the  currant,  and  the  almost  invariable  mildew  of  our 
gardens  is  the  sign  of  its  homesickness. 

Similar  extracts  might  be  multiplied,  but  those  given  clearly  indi¬ 
cate  the  severity  of  the  gooseberry  mildew  as  found  in  this  country. 
It  not  only  flourishes  upon  our  garden  varieties  of  foreign  extraction, 
but  attacks  many  of  our  own  wild  species  of  the  genus  Eibes.  The 

*  This  “third  form  of  spore,  borne  in  large  numbers  within  pear-shaped  sacs” 
which  are  attached  to  the  same  mycelium  as  the  conidia  and  perithecia,  have  been 
found  in  a  number  of  species  of  Erysiphece.  From  their  position  and  seemingly 
evident  analogy  to  certain  sexual  reproductive  bodies  in  allied  groups  of  fungi 
they  have  been  regarded  as  the  pycnidia,  and  the  spores  which  they  contain  the  sty- 
lospores  of  the  fungus.  De  Bary  has  pointed  out,  however,  that  these  bodies,  in¬ 
stead  of  being  reproductive  organs  of  the  Erysiphe,  are  in  reality  the  fructifica¬ 
tion  of  a  fungus  which  is  parasitic  upon  it. — F.  L.  S. 

|  Fruit  and  Fruit  Trees  of  America,  page  499. 

;  Barry’s  Fruit  Garden,  page  477. 

§  American  Fruit  Culturist,  page  103. 

|  The  Small  Fruit  Culturist,  page  227. 

*[[  Success  with  Small  Fruits,  page  226. 
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leaves  and  tips  of  the  young  canes  of  ttibes  rotundifolia,  Michx.,  are 
usually  badly  infested  in  Iowa,  and  last  summer  the  writer  found 
the  half-grown  berries  of  a  wild  gooseberry  in  Colorado,  Ribes  di- 
varicatum  var.  irriguum,  Gray,  so  covered  with  the  fungus  as  to 
preclude  their  perfect  development. 

(c)  EXTERNAL  APPEARANCE  AND  ACTION  OF  THE  FUNGUS. 

The  mildew  first*  makes  its  appearance  upon  the  young  half-grown 
leaves  and  the  unfolding  terminal  bud  of  the  shoot.  In  its  early  stage 
it  has  a  cobweby  appearance  which  soon  becomes  white  and  powdery 
from  the  development  of  the  light  conidial  spores.  Soon  after  this 
thin  jiatches  of  the  same  character  may  be  found  upon  the  forming 
berries.  Usually  one  side  is  more  attacked  than  the  other,  and  as 
the  berry  continues  to  grow  it  becomes  one-sided  or  curved,  because 
the  fungus  retards  the  development  upon  the  infested  side.  If  the 
berry  is  entirely  covered  its  further  development  is  generally  checked. 
Later  in  the  season  the  leaves,  and  especially  their  petioles  and  the 
young  stems  bearing  them,  turn  to  a  rusty-brown  color  and  become 
thickly  coated  with  the  fungus.  The  berries  at  the  same  time  are 
oovered  with  brown  patches  of  mycelium  which  may  be  readily  peeled 
off  from  the  smooth  skin  of  the  fruit. 

(d)  THE  SUMMER  SPORES,  CONIDI  A. 

A  small  portion  of  the  mildew  in  its  conidial  stage  is  shown  in  Fig. 
1.  Only  a  few  of  the  filaments  making  up  the  felt-like  coating  are 
represented.  At  intervals  along  these  horizontal  threads,  branches 
are  given  off  which  rise  vertically  and  soon  begin  a  process  of  cross 
division,  thus  producing  the  conidial  spores.  Four  of  these  aerial 
branches  are  shown  (Fig.  1,  a),  one  of  which  is  still  young,  while  the 
others  are  fully  grown  and  spore-bearing.  The  spores  (Fig.  1,  b) 
as  they  form  by  this  simple  method  of  division  fall  from  the  tips  of 
the  threads  and  new  ones  continue  to  be  formed  from  below.  There 
is  therefore  an  indefinite  succession  of  spores  from  the  same  filament, 
the  number  depending  upon  the  surrounding  circumstances.  These 
spores  are  colorless,  and  when  produced  in  large  numbers  give  the 
infested  surface  of  the  host  a  white,  powdery  appearance,  as  previ¬ 
ously  mentioned.  They  are  borne  exposed  in  the  greatest  possible 
degree,  and  may  be  readily  scattered  by  the  wind  and  in  other  ways. 
These  spores  quickly  germinate  when  they  fall  upon  a  moist  place  on 
the  surface  of  the  host  and  produce  new  horizontal  threads,  which 
soon  develop  new  vertical  branches  (conidiophores)  with  their  spores. 

(e)  THE  WINTER  SPORES  OR  ASCOSPORES. 

The  formation  of  the  sexual  or  ascospores  may  begin  soon  after  the 
conidial  spores  appear,  but  usually  they  follow  late  in  the  season, 
and  in  many  species  (?)  are  not  produced  at  all.  With  the  goose- 
oerry  mildew  they  begin  to  form  early  in  the  life  of  the  fungus,  and 
by  June  may  be  found  of  full  size.  The  initial  stage  in  this  forma¬ 
tion  is  shown  in  Fig.  3,  Plate  XI.  At  a  point  where  two  of  the  hori¬ 
zontal  filaments  come  near  each  other  lateral  branches  are  given 
ffT*  0I1.e  from  each  filament,  One  of  these  is  slender  and  does  not 
differ  in  appearance  from  the  rest  of  the  filament  (Fig.  3,  a).  The  other 
outgrowth  soon  becomes  swollen  and  sometimes  nearly  pear-shaped 
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(Fig.  3,  b).  This  is  tlie  female  cell,  tlie  protoplasmic  contents  of  which 
are  fertilized  by  the  commingling  with  them  of  the  contents  of  the 
upper  cell  of  the  slender  filament  which  is  usually  applied  to  the 
upper  end  of  the  female  cell.  The  upper  cell  of  the  male  organ 
contains  a  substance  which  corresponds  in  function  to  that  within 
the  cell  coat  of  a  pollen  grain,  while  the  female  cell  answers  to  the 
germ  cell  within  the  embryo  sac  of  a  young  ovule.  The  process  of 
fertilization  in  the  gooseberry  mildew  is  essentially  the  same  as 
that  with  any  ovule  among  flowering  plants,  but  stripped  of  all  the 
appliances  seen  in  intricate  blossoms,  and  therefore  reduced  to  the 
simplest  terms.  The  rapid  propagation  of  a  flowering  plant  by  run¬ 
ners,  suckers,  bulbets,  or  by  one  or  more  of  a  long  list  of  non-sexual 
methods,  may  be  considered  as  homologous  with  the  vegetative  pro¬ 
cess  in  the  mildews,  including  the  production  of  the  conidial  spores. 
The  latter  are  formed  by  a  slow  process  of  budding.  As  the  result 
of  fertilization  in  the  young  ovule  there  arises  the  seed  and  whatever 
may  surround  the  seed  or  seeds,  namely,  the  fruit.  In  the  same 
manner  the  product  of  fertilization  in  the  mildew  under  considera¬ 
tion  is  a  “fruit”  which  includes  the  spores  and  their  surroundings. 
The  first  evident  result  of  fertilization  in  the  mildew  is  the  outward 
and  upward  growth  of  numerous  short  filaments  from  the  base  of 
the  female  cell.  These  threads  soon  completely  surround  the  ferti¬ 
lized  cell  within  and  become  divided  by  cross-walls,  so  that  the  young 
forming  perithecium  or  spore  case  assumes  the  form  and  appearance 
shown  in  Fig.  4,  Plate  XI.  If  a  section  should  be  made  through 
the  middle  of  one  of  these  nearly  spherical  bodies  the  view  would 
show  the  outside  cell  situated  upon  a  short  stalk  and  occupying  the 
center  of  the  sphere.  Later  on  in  the  development  of  the  perithecia 
the  outer  coat  becomes  thicker  by  increase  in  number  and  size  of  the 
cells  composing  it,  and  assumes  a  dark  chestnut  color.  At  the  same 
time  some  of  the  surface  cells  produce  slender  outgrowths  which  be¬ 
come  as  long  as  the  diameter  of  the  perithecium,  and  serve  to  hold 
it  in  place  among  the  vegetative  filaments  of  the  mildew  upon  the 
surface  of  the  infested  host. 

The  perithecium  at  this  stage  is  shown  in  Fig.  5,  Plate  XI.  While 
these  changes  have  been  going  on  exteriorly  the  central  protoplasmic 
contents  have  been  shaping  themselves  into  eight  small  masses,  around 
which  was  formed  a  thick,  colorless  cell  wall,  called  the  spore  sac  or 
ascus.  In  Fig.  G  is  shown  a  mature  perithecium,  the  dark  thick 
wall  of  which  has  been  broken  open  by  pressure,  and  the  ascus  is 
escaping  from  within.  An  ascus  is  shown  in  Fig.  7  more  highly 
magnified  and  free  from  the  perithecium. 

On  account  of  the  prevailing  chestnut  color  of  the  ripe  perithecia 
the  older  portions  of  the  mildew  lose  their  white  appearance  and  be¬ 
come  of  a  dirty  brown  color.  It  is  therefore  easy  to  determine  the 
condition  of  the  mildew  from  the  general  appearance  of  the  infested 
spot.  The  thick  wall  of  the  perithecium  is  for  protection,  and  the 
spores  within  do  not  germinate  until  after  a  period  of  rest,  during 
which  time  the  surrounding  covering  becomes  decayed  or  the  spores 
escape  by  a  rupture  of  its  walls.  The  mildew  passes  the  winter  in 
the  ascosporous  condition,  just  as  many  of  our  annuals,  like  corn,  etc., 
have  their  vitality  concentrated  within  the  seeds  or  grains  that  were 
formed  by  the  mother  plant  in  autumn.  These  winter  or  sexual 
spores  find  their  way  to  the  young,  moist  surfaces  of  the  growinghost 
plant  during  the  following  spring  or  summer,  and  these  germinate 
and  begin  a  new  mildew  spot. 
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(/)  PYCNIDIA. 

There  is  a  third  form  of  spore  among  the  Powder  y  mildews.  This 
is  borne  in  pear-shaped  bodies  called  pycnidia,  and  may  be  found 
among  the  filaments  along  with  the  young  perithecia.  Tlie  pycnidia 
of  the  gooseberry  mildew  are  as  shown  in  Fig.  2.  The  slender  spores 
escape  in  great  numbers  through  a  pore  near  one  end.  These  spores 
are  doubtless  for  the  rapid  propagation  of  the  fungus  during  its 
growing  season.* * * § 

(g)  CONDITIONS  OF  DEVELOPMENT  AND  REMEDIES. 

As  to  the  conditions  favoring  the  growth  of  the  gooseberry  mil¬ 
dew  the  following  quotations  are  offered  from  standard  works  upon 
fruit  culture.  Barry f  says: 

In  northern  New  York,  in  Maine,  Vermont,  and  Lower  Canada  the  finest  large 
English  varieties  are  brought  to  greater  perfection  than  in  warmer  districts,  and 
with  good  culture  almost  come  up  to  the  English  standard.  In  a  cold,  damp,  bottom 
soil  at  Toronto,  almost  on  a  level  with  Lake  Ontario,  fine  crops  are  produced  with 
comparatively  little  difficulty  from  mildew  or  rust.  This  would  indicate  as  a  remedy 
a  cool  soil  and  situation,  and  mulching  the  roots  to  keep  them  cool. 

The  last  report  of  the  American  Pomological  Society  indicates,  by 
a  table  of  States,  that  the  gooseberry  is  grown  generally  between 
the  35th  and  45th  parallels  of  latitude  where  there  is  a  sufficient 
average  rain-fall.  Only  a  few  States  carry  the  double  star  for  any 
variety,  which  is  the  index  for  their  successful  culture.  Massachu¬ 
setts,  Michigan,  Ohio,  and  Tennessee  have  each  two  varieties  with 
two  stars,  and  those  States  may  be  taken  as  indicating  the  range  of 
territory  best  suited  to  gooseberries.  Mr,  Thomas J  writes: 

Manuring,  high  culture,  and  pruning  will  in  some  cases  prove  sufficient  to  prevent 
mildew.  This  may  be  assisted  by  the  cautious  application  of  salt,  either  thinly  over 
the  soil  or  directly  upon  the  plant ;  in  the  latter  case  the  solution  should  be  so  thin 
that  the  saline  taste  may  just  be  perceptible.  Shading  by  a  thick  coat  of  salt  hay 
appears  to  be  an  efficient  remedy.  It  should  be  spread  in  a  layer  of  several  inches, 
or  even  a  foot,  in  thickness,  crowding  it  down  to  make  room  for  the  branches. 
This  should  be  done  in  the  spring. 

Mr.  Roe  §  thinks  that  4  ‘  repeated  applications  of  the  flowers  of  sul¬ 
phur  over  the  bushes  from  the  time  the  fruit  sets  until  it  is  ripe  is 
probably  the  best  preventive.  ”  Mr.  Fuller ||  devotes  the  most  space 
to  the  consideration  of  the  gooseberry  mildew,  and  says: 

There  are  many  remedies  which  have  been  from  time  to  time  recommended,  and 
they  often  appear  to  be  effectual,  while  in  other  instances  they  are  of  no  use  what¬ 
ever.  Tlie  following  remedies  against  mildew  are  worth  trying,  although  they  can 
not  be  called  radical  cures.  Scatter  flowers  of  sulphur  over  the  bushes  soon  after 
the  berries  have  set,  and  repeat  the  application  occasionally  until  the  fruit  is  ripe. 
\\  ater  the  plants  with  strong  soap-suds,  or  dissolve  1  pound  of  potash  in  a  barrel  of 
water  and  then  sprinkle  the  plants  once  a  week  with  it.  Soak  fresh-mown  hay  in 
brine  lor  twelve  hours  ;  then  cover  the  entire  surface  of  the  soil  about  the  plant  with 
this  a^s  a  mulch.  If  hops,  tan-bark,  or  other  mulch  has  previously  been  applied,  then 
sprinkle  ir  with  salt;  a  single  handful  to  each  plant  will  be  sufficient.  All  of  these 
remedies  will  often  fail,  but  still  they  are  worth  trying.  Old  plants  are  more  liable 
to  sui  ter  from  mildew  than  young  ones,  therefore  it  is  best  to  keep  a  supply  of  fresh 

*See  foot  note,  page  375. 

t  Barry's  Fruit  Garden,  page  477. 

|  American  Fruit  Culturist,  page  103. 

§  Success  with  Small  Fruits,  page  336. 

[1  Small  Fruit  Culturist,  page  237. 
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plants  always  on  hand  ;  in  fact,  so  long  as  you  can  keep  the  plants  growing  vigor¬ 
ously  there  is  but  little  danger  from  mildew .*  I  have  often  seen  the  foreign  varieties 
doing  splendidly  in  half-shady  situations,  such  as  the  north  side  of  a  wall  or  fence, 
or  in  the  shade  of  trees,  but  such  a  situation  can  not  be  recommended  as  the  best, 
because  mildew  does  destroy  plants  under  just  such  circumstances.  No  effectual 
remedy  can  be  given,  nor  the  best  locality  pointed  out,  because  the  experiences  of 
different  cultivators  are  so  conflicting  that  the  one  that  appears  to  he  the  best  in  one 
locality  would  seem  to  be  the  poorest  in  another.  Where  ver  the  foreign  kinds  will 
grow  without  being  attacked  by  mildew  they  are  certainly  far  preferable  to  any  of 
our  native,  sorts  ;  but  my  own  remedy  against  mildew  is  to  cultivate  none  but  "the 
native  varieties,  for  with  these  I  have  never  experienced  the  least  trouble  nor,  as 
yet,  had  a  berry  affected  by  disease  of  any  kind. 

Mr.  Fuller  names  Cluster,  Downing,  Houghton,  and  Mountain 
Sweet  as  the  best  American  varieties. 

From  all  that  has  been  written  and  said  upon  the  subject  it  is 
evident  that  the  climate  of  our  country  is  remarkably  favorable  for 
the  development  of  the  gooseberry  mildew  and  especially  upon  the 
foreign  varieties  which  are  so  successful  in  England  and  where  up¬ 
wards  of  two  hundred  “  gooseberry  shows  ”  are  held  in  a  single 
season.  Our  wild  species  of  gooseberry  are  better  adapted  to  the  pe¬ 
culiar  climate  that  here  obtains,  and,  even  though  some  of  them  do 
mildew,  it  is  evident  that  the  leading  steps  of  progress  in  gooseberry 
culture,  must  be  taken  by  developing  our  native  stock  through  judi¬ 
cious  culture,  breeding,  crossing,  etc,  The  European  horticulturists 
started  with  native  wild  species  and  have  achieved  wonderful  success, 
and  it  may  be  true  that  remarkable  results  may  be  obtained  in  this 
country.  This  would  be  striking  at  the  root  of  the  matter. 

Until  the  experimenter  can  develop  a  variety  that  will  withstand 
the  mildew  perfectly,  the  gooseberry-grower  must  resort  to  one  or 
more  of  the  standard  remedies.  It  has  been  shown  that  the  trouble 
is  one  confined  to  the  surface  and  may  be  quite  readily  reached  by 
fungicides.  The  gooseberry  mildew  is  very  similar  in  structure  and 
habits  to  the  Powdery  mildew  of  the  grape,  and  it  is  doubtless  true 
that  the  same  remedies  will  prove  effective  in  both  cases.  The 
writers  of  fruit  culture  who  have  been  quoted  in  this  paper  are  in 
favor  of  placing  flowers  of  sulphur  first  upon  the  list  of  remedies  for 
the  gooseberry  mildew.  They  are  perhaps  not  sufficiently  emphatic 
in  the  statement  that  this  substance  should  be  applied  early  in  the 
season  and  repeated  at  frequent  intervals  for  two  or  three  months. 

It  is  evident  that  whatever  is  employed  to  destroy  this  mildew  will 
be  most  effective  when  applied  while  the  spores  are  least  protected. 
Therefore,  the  remedy  should  be  applied  for  killing  the  conidial 
spores  just  before  they  begin  to  ripen  and  for  the  ascospores  before 
they  become  surrounded  by  the  thick  perithecial  wall.  The  best 
time  is  when  the  perithecia  are  beginning  to  form  and  are  still  in  a 
soft,  tender  condition.  Best  of  all,  the  fungicide  is  most  effective 
when  applied  while  the  mildew  is  first  beginning  to  establish  itself 
upon  the  host.  This  would  be  the  application  of  the  well-established 
principle  of  an  ounce  of  prevention  being  worth  a  pound  of  cure. 

The  trouble  is  a  living  plant  and,  therefore,  no  rule  can  be  laid 
down  as  to  the  dates  of  applying  the  substance  to  destroy  it.  It  is  a 
safe  rule  to  sulphur  the  bushes  as  soon  as  the  first  leaves  are  fully 
formed,  and  repeat  the  process  every  ten  days  during  the  most  rapid 
growth  of  the  canes.  This  rule  would  cover  the  period  of  flowering 
and  the  early  development  of  the  fruit.  If  the  young  leaves  and 
stems  can  be  kept  free  there  will  be  only  little  occasion  for  sulphur¬ 
ing  the  young  fruit. 
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A  preparation  of  sulphur,  lime,  and  water  called  f‘  liquid  gfison” 
has  proved  an  effective  remedy  for  -the  powdery  mildews.  Three 
pounds  each  of  sulphur  and  lime  are  boiled  in  6  gallons  of  water  un¬ 
til  the  whole  is  reduced  to  2  gallons.  The  clear  liquid  is  poured 
off  from  the  top  and  mixed  with  100  parts  of  pure  water,  when  the 
remedy  is  ready  for  use.  The  preparation  is  best  applied  through  a 
spraying  watering-pot  or  hose  pump  with  a  fine  nozzle.  This  sub¬ 
ject  is  fully  treated  under  “  powdery  mildew  of  the  grape  ”  in  Bul¬ 
letin  No.  2  of  the  Botanical  Division,  pp.  26-28.  The  gooseberry- 
grower  who  is  troubled  with  the  mildew  should  try  one  or  more  of 
the  recommended  remedies  for  the  downy  mildew  of  the  grape,  and 
note  the  results.  The  following  is  especially  urged  for  trial:  1 
pound  powdered  sulphate  of  copper,  10  pounds  air-slaked  lime,  and 
15  pounds  flowers  of  sulphur.  Mix  thoroughly  and  apply  with  a 
sulphuring  bellows.  Evident  success  in  the  treatment  of  this  disease 
has  attended  the  use  of  sulphide  of  potassium.  Spray  the  bushes 
when  first  attacked  with  a  solution  containing  one-half  to  1  ounce  of 
the  sulphide  to  the  gallon  of  water.  * 

The  Powdery  mildews  are  lovers  of  dry,  hot  weather,  and  there¬ 
fore  care  must  be  observed  not  to  credit  to  any  particular  remedy 
what  belongs  to  the  season.  Remedies  need  to  be  tested  for  a  term 
of  years  to  establish  their  value.  With  a  proper  use  of  fungicides 
and  the  improvement  of  our  native  species  of  Hikes  and  their  crosses 
with  foreign  sorts,  there  is  no  reason  why  gooseberry  culture  may 
not  be  profitable  in  the  United  States. 

14, — Smut  of  Indian  CoRN.f 
Ustilago  Zece-Mays. 

(Plates  XII,  XIII,  XIV,  XV.) 

(a)  HISTORY, 

Corn  Smut,  in  common  with  the  smuts  of  other  cereals,  has  re¬ 
ceived  the  attention  of  agriculturists  and  botanists  from  an  early 
time.  The  earliest  article  in  which  Corn  Smut  is  distinctly  treated 
and  given  a  name  was  published  anonymously  in  1760 ;  the  name  was 
Lycoperdon  Zece. 

Most  early  writers  and  even  some  in  the  first  quarter  of  this  cen¬ 
tury  considered  smuts  to  be  excrescences  or  degenerations,  products 
of  the  plant  or  a  symptom  of  sickness.  Linnaeus  and  Jussieu,  how¬ 
ever,  recognized  them  as  plants.  The  Corn  Smut  was  long  considered 
only  a  variety  of  the  wheat  smut  and  first  was  designated  a  variety 
in  1805  by  DeCandolle,  J  who  called  it  Uredo  segetum ,  var.  Mays  Zece. 
In  1808  this  author  refers  it,  apparently  for  the  first  time,  to  the  sub¬ 
genus  Ustilago,  and  under  that  subgenus  it  is  called  Uredo  segetum 
var.  Zece  Mays.  In  1815  he  recognized  it  as  a  distinct  species  and 
called  it  Uredo  Maydis. 

The  first  mention  of  it  as  an  American  fungus  appears  to  be  that 
of  Schweinitz,§  in  1822,  by  whom  it  was  called  Ureclo  ( Ustilago ) 

*  Arthur,  Sixth  Kept.  N.Y.  Exper.  Sta.,  1887,  p.  348. 

t  By  A.  I>.  Seymour. 

X  FI.  Fr.,  II,  596. 

§  Syn.  Fung.  Car. .  p.  71. 
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Ze&  and  described  as  occurring  in  the  ear.  Some  peculiarities  in  the 
description  led  Link,  Tulasne,  and  European  botanists  who  have 
followed  them  to  suppose  that  it  was  different  from  the  European 
form.  Tulasne  therefore  called  the  American  form  Ustilago  Schwein- 
itzii ,  and  in  this  he  has  been  followed  by  Fischer  de  Waldheim  in 
his  recent  works.  But  Ravenel,*  as  early  as  1848  (the  year  after  the 
publication  of  Tulasne’s  paper),  stated  that  Schweinitz’s  and  Tu- 
lasne’s  names  were  synonyms. 

In  the  practical  study  of  smuts,  Prevost  appears  to  have  been  the 
first  to  gain  any  valuable  results.  In  1807  he  made  the  first  obser¬ 
vations  on  the  germination  of  the  spores  and  maintained  that  the 
smut  as  a  parasitic  fungus  was  the  cause  and  not  a  mere  accom¬ 
paniment  of  the  disease. 

Meyen,  in  1837,  first  studied  the  spore  formation  in  the  corn.  His 
observations  were  partly  confirmed  by  LWeille  two  years  later.  This 
was  more  fully  made  out  by  DeBary  and  published  in  1853.  In  1858 
Kuhn  published  the  results  of  his  investigations,  which  were  quite 
complete  as  regards  Indian  Corn  Smut.  He  left  undetermined  the 
mode  of  entrance  of  smuts  into  their  host  plants  except  of  the  bunt 
of  wheat.  This  was  discovered  by  Wolff  for  wheat  smut  and  sev¬ 
eral  other  species,  and  soon  afterwards  by  Kuhn  f  for  Indian  corn. 
This  apparently  completed  the  cycle  of  development,  but  it  was  left 
for  Brefeld  to  discover  a  mode  of  germination  and  growth  wholly 
unsuspected.  In  previous  attempts  to  germinate  the  spores  they 
had  been  placed  m  water  or  a  moist  atmosphere.  Brefeld  sowed 
them  at  first  by  accident,  in  a  nutrient  solution,  an  infusion  of 
manure.  His  mass  of  dry  spores  was  accidently  thrown  to  the  floor, 
and  a  dust-like  cloud  of  spores  was  scattered  throughout  the  room. 
Some  fell  into  a  nutrient  solution  which  was  in  use  for  other  cult¬ 
ures  and  there  germinated.  This  experiment  was  afterward  re¬ 
peated  many  times  with  the  same  result.  They  grew  by  budding 
like  yeast  and  could  continue  to  grow  in  that  manner  for  an  indef¬ 
inite  period ;  but  when  the  nutriment  was  exhausted  they  would  form 
mycelial  hyphse  in  the  normal  manner.  J 

(b)  EXTERNAL  APPEARANCE. 

(Plate  XIII.) 


There  is  nothing  in  the  external  appearance  of  the  corn  to  indicate 
the  presence  of  a  parasite  in  its  tissues  until  about  the  time  of  flower¬ 
ing.  Then  it  shows  itself  in  the  form  of  swellings  of  such  a  nature 
that  the  Germans  call  it  “boil  smut.”  These  swellings  vary  in  size 
from  that  of  a  pea  to  more  than  that  of  a  man's  fist,  and  mark  the 

glace  where  the  spores  are  formed.  With  few  exceptions  all  the 
inds  of  smuts,  over  one  hundred  in  number,  form  their  spores  in 
some  definite  place  in  the  plant,  most  commonly  in  the  floral  organs. 
Corn  Smut  is  the  most  marked  exception  to  this,  for  it  forms  its  spore 
masses  in  any  part  of  the  plant  except  the  roots. 

*  Fung.  Car.  Exs. ,  IV,  100. 
f  Bot.  Zeit.,  Vol.  XXXII,  p.  122, 

X  For  fuller  accounts  of  the  history  and  literature  of  the  smuts  the  reader  is  re¬ 
ferred  to  the  works  of  Tulasne,  Fischer  de  Waldheim,  and  Brefeld. 


382  REPORT  OF  THE  COMMISSIONER,  OF  AGRICULTURE. 


The  stem  sometimes  bears  spore  masses  close  to 
the  surface  of  the  ground,  as  stated  by  Kuhn,  and 
as  observed  also  by  the  writer.  From  this  place 
to  the  tips  of  the  tassel  they  may  occur  at  almost 
any  point.  The  ear  is  oftenest  affected,  especi¬ 
ally  the  grains  of  corn  upon  the  ear  (Plate  XIII, 
Fig.  1).  It  is  rare  that  all  the  grains  are  af¬ 
fected  at  once;  there  are  almost  always  some 
good  ones.  The  bracts  at  the  base  of  the  ovaries 
or  young  grains  become  greatly  distorted  (Plate 
XIII,  Figs.  1-14),  and  the  husks  inclosing  the  ear 
much  more  so.  When  the  smut  forms  a  ring 
around  the  middle  of  the  ear  the  grains  above 
are  often  aborted  (Plate  XIII,  Fig.  1).  In  the 
staminate  flowers  (tassel)  the  swellings  are  not  so 
large.  The  presence  of  the  fungus  cfoes  or  some¬ 
times  does  not  prevent  the  formation  of  pollen, 

Fia.  3.— staminate  flowers  a?(]  ,tlle  swelling  which  precedes  the  appearance 
(tassel)  infested  by  smut  ol  tne  powdery  mass  is  not  usually  formed  till 
(after  Peck).  after  the  pollen  ripens. 

Less  frequent,  but  by  no  means  rare,  are  the  spore  masses  in  stems, 
leaves,  and.  sheaths.  Those  on  stems  (Plate  XII,  b)  often  have  a  con¬ 
siderable  size,  but  upon  leaves  especially  they  are  smaller  and  less 
luxuriant  in  appearance,  sometimes  no  larger  than  a  pea. 

The  form  of  the  swellings  is  in  general  rounded  oblong,  but  usually 
broader  at  the  free  end  and  narrowed  at  the  point  of  attachment. 
They  are  covered  by  a  whitish  or  lead-colored  membrane,  tightly 
stretched  at  first,  but  later  becoming  wrinkled  and  bursting  to  allow 
the  escape  of  a  mass  of  powdery  spores  (Plate  XIII,  Fig.  13).  If  a 
swelling  is  cut  open  when  young  it  appears  slimy  and  spongy;  in 
color  uniformly  whitish.  An  older  one  will  be  found  to  contain 
certain  blackish  spots  or  stripes  (Plate  XIII,  Figs.  3,  8,  and  14),  and  at 
length  the  whole  mass  becomes  blackish-brown.  At  this  stage  the 
membrane  bursts  and  the  spores  are  blown  away. 

(c)  THE  FUNGUS. 

The  fungus  is  found  within  the  corn  plant  when  the  latter  is  quite 
young,  and  during  the  vegetative  period,  up  to  the  time  when  spore 
formation  takes  place  it  consists  only  of  mycelium.  This  necessa¬ 
rily  begins  its  growth  near  the  surface  of  the  ground,  since  it  enters 
when  the .  corn  is  very  young,  and  as  the  latter  grows  in  height 
the  mycelium  also  grows  upward  toward  the  place  where  it  is  after¬ 
ward  to  form  its  spores.  It  lies  mostly  parallel  to  the  part  in  which 
U  is  growing,  and  in  soft  tissues  extends  as  a  uniform  thread  for  a 
distance  equal  to  the  diameters  of  several  plant  cells;  but  at  intervals 
especially  where  the  cell  walls  are  firmer,  branching  takes  place 
(  late  XI  v  ,  Figs,  l  and  2),. and  a  plexus  of  filaments  is  frequently 
termed,  as  are  also  haustoria  or  suckers,  the  special  organs  foT  ab- 
soroing  nutriment  These  are  most  abundant  in  the  leaves.  The 
tmeker  the  cell  walls  which  the  mycelium  penetrates,  the  more  plen- 
tiful  are  the  suckers.  The  cob  of  a  diseased  ear  contains  numerous 
^b  wia  ]  Viref(  S’  PenetFatlll&  between  and  through  the  cells,  and  is 
a  i  1  ^  e  P  iOV-  1Jnl?rosc1°Plc  examination.  The  tips  of  mycelial 

a5d  which  enables  them  to  penetrate 
cell  walls  (Plate  XIV,  I  lg.  2).  When  young  the  mycelium  is  so  deli- 
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cate  that  it  is  seen  with  difficulty,  hut  when  older  the  walls  of  the 
filaments  are  thick  and  have  a  double  contour,  as  of  a  tube  within 
a  tube,  and  the  protoplasm  is  to  be  seen  in  the  middle  (Figs.  2  a,  and 
3).  The  color  is  a  peculiar  glistening  opalescent  or  bluish- white  ;  but 
the  threads  are  often  enveloped  by  a  coating  of  cellulose  and  ob- 
t  scured  by  it  so  as  not  to  be  easily  detected.  It  is  difficult  to  trace  the 
*  fungus  from  the  place  of  entrance  to  that  of  spore  formation  because 
the  intermediate  mycelium  dies  out  or  is  absorbed. 

The  fruiting  time  of  the  corn  is  also  that  of  the  fungus;  and  its 
spores  are  most  commonly  formed  upon  the  young  kernels  or  contig¬ 
uous  parts. 

(d)  SPORE  FORMATION. 

(Plate  XIII,  Figs.  15-17,  and  Plate  XIV,  Figs.  5-12.) 

The  first  step  toward  spore  formation  is  the  branching  of  the 
mycelial  threads  in  the  place  where  spores  are  to  be  formed.  The 
spore-forming  threads  branch  in  a  bush-like  manner,  and  the  branches 
formed  are  very  slender.  These,  in  their  turn,  branch  repeatedly; 
at  length  a  very  complicated  mass  of  branches  is  formed.  This  in¬ 
crease  in  the  fungus  causes  the  swelling  of  the  plant,  and  the  ma¬ 
turing  of  the  spores  completes  the  swelling.  The  latter  consists,  in 
addition  to  the  mass  of  fungus  threads,  of  an  abnormal  multiplica¬ 
tion  of  the  tissues  of  the  host  plant.  The  tips  of  the  branching 
threads  become  swollen  and  distended  with  protoplasm  and  have  a 
color  and  appearance  similar  to  that  of  the  mycelium;  in  this  pro¬ 
toplasm  granules  appear,  each  of  which  is  to  become  a  spore  (Plate 
XVI,  Figs.  9-11).  These  gradually  increase  in  size  and  the  filament 
becomes  considerably  distended,  so  as  to  resemble  a  short  string  or 
cluster  of  beads. 

The  development  is  now  very  active,  and  lateral  protrusions  or  short 
branches  are  frequently  formed.  Soon  cell  walls  are  formed  across 
the  filaments,  one  between  every  two  of  the  nuclear  formations. 
The  distending  results  in  a  roundish  cell  for  each  of  these.  The 
cell  walls  become  gelatinous,  which  gives  the  slimy  character  to  the 
mass  of  smut.  As  the  spores  approach  maturity  the  gelatinous 
walls  are  gradually  absorbed,  as  are  also  the  mycelial  threads,  so 
that  at  maturity  very  little  remains  but  the  dry,  dusty  spores.  Those 
in  the  center  of  the  mass  mature  later  than  those  outside,  and  when 
the  latter  are  dry  the  former  may  be  found  still  slimy. 

The  spores  (Plate  XIII,  Fig.  17)  are  globose  or  roundish-oblong  in 
form,  and  the  central  mass  of  protoplasm  is  inclosed  by  a  double 
wall,  the  inner  colorless,  the  outer  brownish-black  and  thickly  cov¬ 
ered  with  slender  points.  This  outer  wall  is  similar  to  that  of  pollen 
grains.  Their  size  is  from  .00036  inch  to  .00048  inch  (9/j-  to  12/*),  or 
about  25,000  laid  side  by  side  would  measure  an  inch. 

(e)  GERMINATION. 

Vitality  of  spores  and  time  of  germination. — Kuhn  states  that  the 
spores  germinate  with  difficulty  or  not  at  all  in  water,  but  that  in  a 
moist  atmosphere  they  germinate  readily  in  October,  and  reach  the 
formation  of  conidia  in  twenty-four  hours.  Fischer  de  Waldheim 
obtained  similar  results.  Brefeld  also  failed  to  germinate  the  spores 
in  water  in  the  fall.  He  found,  however,  that  in  the  spring  ger- 
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ruination  took  place  in  water  very  readily.  He  holds  this  to  he  the 
general  rule.  In  April  one-half  the  spores  used  in  the  experiment 
germinated  in  water  in  two  days.  According  to  his  observations 
spores  will  retain  their  vitality  for  as  long  as  two  years.  At  that 
age  they  will  not  germinate  in  water,  but  will  germinate  in  a  nutri¬ 
tive  solution.  This  takes  place  less  readily  than  when  they  are  about 
six  months  old,  but  having  germinated  they  grow  with  as  great  ac-  ' 
tivity  as  fresher  spores. 

Manner  of  germination. — When  the  spores  germinate  in  water  or 
a  moist  atmosphere  the  process  is  as  follows:  The  inner  coat  and  con¬ 
tents  swell,  burst  the  outer  coat,  and  protrude  as  a  tube  (Plate  XIV, 
Fig.  12,  a-d)  called  the  promycelium,  into  which  the  protoplasm  passes. 
Several  cross  partitions  are  formed,  dividing  the  filament  into  several 
cells.  At  these  and  at  the  tip  spore-like  bodies,  conidia  or  sporidia, 
are  formed  (Plate  XV,  Fig.  1).  In  many  species  of  smuts  the  spo¬ 
ridia  unite  or  conjugate  in  pairs;  their  contents  coalesce  and  from  the 
resulting  body  a  filament  grows  which  may  enter  the  tissues  of  the 
proper  host  plant.  The  Corn  Smut,  however,  is  especially  character¬ 
ized  by  the  absence  of  this  process.  The  sporidia  germinate  singly 
and  produce  mycelial  threads  (Plate  XV,  Fig.  4,  a),  which  may  pene¬ 
trate  the  tissues  of  the  corn  plant. 

This  is  the  normal  mode  of  germination,  but  another  mode,  dis¬ 
covered  bv  Brefeld,  is  of  great  scientific  interest  and  practical  impor¬ 
tance,  and  to  neglect  to  consider  it  in  practice  may  render  all  remedial 
efforts  useless. 

When  the  spores  were  sown  in  a  nutritive  solution  the  conidia  did 
not  germinate  by  tubes,  as  described  above,  but  by  budding  like  yeast 
(Plate  XV,  Figs.  3  and  4).  The  cells  soon  become  detached  from  the 
spore,  and  the  growth  continues  in  this  manner,  each  conidium  pro¬ 
ducing,  by  budding,  bodies  like  itself,  which  become  detached  and  in 
turn  form  buds  as  before,  and  the  entire  growth  is  of  this  kind  (Plate 
XV,  Fig.  4). 

But  if  the  nutriment  becomes  exhausted,  these  yeast-like  cells  form 
mycelial  filaments  which  bear  conidia  as  when  the  spores  germinate 
in  water  (Plate  XV,  Figs.  5  and  6).  Bref eld’s  experiments  were  fre¬ 
quently  made  in  a  drop  of  the  nutritive  fluid,  in  order  to  keep  them 
within  bounds  for  microscopic  examination.  In  some  cases  the  ex¬ 
periment  was  varied  by  adding  another  drop  when  the  nourishment 
in  the  one  was  exhausted,  and  when  this  was  done  the  budding  growth 
was  renewed  and  continued  as  before.  It  was  found  that  this  mode 
of  growth  would  go  on  indefinitely  if  nourishment  was  within  reach 
of  the  fungus.  This  same  thing  has  been  found  to  take  place  in  na¬ 
ture,  in  the  dung  of  animals  that  have  eaten  smutty  corn,  and  the 
samepnay  be  expected  to  take  place  when  any  smutty  corn  finds  its 
way  into  manure  piles.  Thus  its  vitality  may  be  preserved  indefi- 
nitely,  and  it  is  ready  to  form  mycelial  tubes  and  enter  the  corn  when 
the  latter  is  planted  in  ground  fertilized  with  such  manure. 

This  form  of  the  fungus  being  in  active  growth  is  perhaps  in  better 
condition  to  seize  upon  the  young  corn  than  the  spores  are,  especially 
after  the  first  spring. 

Manner  of  entering  the  host. — For  a  long  time  all  efforts  to  discover 
how  the  fungus  gained  entrance  into  its  host  were  unsuccessful,  ex¬ 
cept  in  the  case  of  the  bunt  of  wheat  observed  by  Kuhn.  The  my¬ 
celium  was  found  in  very  young  corn  plants  and  lienee  was  believed 
to  gain  entrance  at  some  part  of  the  plant  near  the  surface  of  the 
ground.  Wolff  finally  observed  the  penetration  of  several  species  of 
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smut,  including  that  of  wheat.  It  was  Kuhn*  again  who,  sixteen 
years  after  his  first  results  were  published,  finally  discovered  the 
penetration  of  the  mycelium  of  Corn  smut  into  its  host.  He  found 
that  mycelium  from  the  germinating  spores  entered  at  the  root  node 
and  the  lowest  joint  of  the  stem,  i.  e.,  at  the  most  tender  part,  and 
only  when  the  corn  was  young;  when  it  is  old  the-smut  apparently 
can  not  get  in.  This  may  be  turned  to  practical  account  in  preventive 
measures  as  described  under  remedies. 

(/)  DISTRIBUTION  AND  SEVERITY. 

Prof.  William  Trelease  has  recently  found  Corn  Smut  growing  upon 
Euchlcena  luxurians.  With  this  exception  it  is  confined  to  corn,  so 
far  as  known,  differing  in  this  respect  from  Ustilago  segetum,  which 
grows  on  wheat,  oats,  barley,  and  various  grasses. 

It  is  distributed  throughout  Europe  and  America.  In  the  cooler 
regions,  what  corn  is  cultivated  is  comparatively  free  from  smut,  but 
in  regions  well  adapted  to  the  culture  of  corn,  it  is  often  very  de¬ 
structive.  In  the  valleys  of  the  Rhine  and  Rhone  it  sometimes 
destroys  nearly  the  whole  crop.  In  the  Rhine  valley  in  1880,  the 
crop  harvested  scarcely  replaced  the  corn  used  for  seed.  In  the 
United  States  the  extent  of  the  injury  is  very  variable.  Mr.  C. 
H.  Peck  records  a  case  which  occurred  in  1868.  He  noticed  a  field 
of  corn  near  Albany,  1ST.  Y.,  which  just  before  flowering  appeared 
as  thrifty  and  promising  as  any  in  that  county,  but  later  almost 
every  hill  was  attacked  by  smut,  and  at  least  one  out  of  every  four  ears. 
It  was  especially  injurious  to  sweet  corn  about  Washington,  D.  C., 
in  1886. 

Prof.  B.  I).  Halstedf  states  that  at  Ames,  Iowa,  in  1886,  the  col¬ 
lege  corn-field  had  sixty-two  hundredths  of  1  per  cent,  of  the  ears 
smutted.  Prof.  C.  E.  Bessey  states  that  a  destruction  of  15  per  cent, 
frequently  occurs,  and  in  one  field  he  observed  66  per  cent,  of  the  corn 
smutty. 

It  is  generally  believed  that  wet  weather  is  favorable  to  smut,  and 
that  corn  is  likely  to  be,  and  is,  badly  damaged  in  a  wet  season. 
A  correspondent  of  the  Country  Gentleman,  in  September,  1878,  writes 
that  a  wet  season  has  been  accompanied  by  much  smut.  Tulasne 
states  that  in  1846,  a  dry  season,  the  corn  crop  in  the  valley  of  the 
Rhone  was  partly  destroyed,  and  says  the  smut  may  be  very  injuri¬ 
ous  in  very  dry  years.  Prof.  W.  H.  Henry  states  that  the  smut  was 
very  destructive  about  Madison,  Wis.°,  in  1881,  causing  a  loss  of  5 
to  25  per  cent,  of  the  whole  crop,  while  in  1882  there  was  very  little 
smut.  The  writer  observed  that  corn  was  badly  smutted  in  north¬ 
ern  Illinois  in  the  summer  of  1881,  which  was  very  dry.  J 

(g)  NATURE  OF  INJURY  CAUSED  BY  CORN  SMUT. 

During  nearly  the  whole  growth  of  the  corn  the  fungus  is  growing 

within  it.  It  produces  little  apparent  effect  until  the  time  of  fruiting, 
_________________________________________  _ _ _ _ _ _ _ _ _  « 

*Bot.  Zeit.,  Yol.  XXXII,  p.  122. 

f  Bull.  Iowa  Agr.  Col.,  Nov.,  1836.  Professor  Halsted  writes  me,  the  summer 
of  1887,  like  that  of  1886,  was  a  very  dry  one  at  Ames,  and  that  in  1887  the  smut 
was  very  abundant. 

X  In  many  corn-fields  in  Texas,  as  far  west  as  El  Paso,  I  observed  more  or  less  Corn 
Smut  the  past  summer.  The  season  was  very  dry. — F.  L.  S. 
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but  at  all  times  it  takes  from  the  plant  some  of  the  materials  the 
latter  prepares  for  its  own  growth.  At  the  time  of  fruiting  the 
amount  thus  taken  is  very  large,  necessarily  weakening  the  activity 
of  the  plant,  and  especially  injuring  such  of  the  grain  as  is  not  directly 
infested  and  destroyed.  This  is  very  evident  when  the  smut  is  formed 
in  the  middle  of  tthe  ear  and  the  grains  above  are  aborted.  But  an 
ear  having  any  smut  at  all  is  practically  destroyed.  It  can  not  be  fed 
to  cattle,  because  the  spores  will  get  into  the  manure  and  spread  the 
infection.  Smutty  fodder  can  not  be  used  for  the  same  reason.  The 
smut  is  believed  to  be  poisonous  to  cattle,  and  many  cases  of  in¬ 
jury  or  death  have  occurred  supposed  to  result  from  feeding  smutty 
ears  or  fodder.  In  medicine  Corn  Smut  is  used  to  some  extent  in 
place  of  ergot,  its  action  on  the  animal  system  being  the  same. 

It  is  worthy  of  notice  that  the  time  of  greatest  injury  to  corn  from 
smut  is  at  the  time  of  fruiting.  It  may  be  that  the  great  effort  on 
the  part  of  the  plant  to  mature  its  fruit  leaves  it  less  physiological 
power  to  resist  the  parasite,  and  it  is  at  this  time  that  an  abundance 
of  material  suited  to  the  growth  of  the  fungus  is  formed,  especially 
in  the  ear. 

(h)  TREATMENT, 

It  is  as  certain  that  Corn  Smut  can  not  originate  spontaneously  as 
that  the  corn  itself  must  grow  from  seed.  The  destruction  of  the 
spores,  then,  means  the  reduction  of  the  smut  sooner  or  later;  but 
co-operation  over  wide  areas  is  necessary,  since  the  spores  are  light 
and  may  be  carried  in  the  atmosphere  more  easily  than  ordinary  dust 
particles.  Any  remedy  must  be  thoroughly  tried  before  being  con¬ 
demned  for  apparent  failure  (one  year  is  not  sufficient),  and  every 
source  of  error  must  be  guarded  against.  However  carefully  the 
smut  is  cut  out  and  burned,  if  manure  with  which  is  intermixed  smut 
of  previous  years  is  applied  to  the  land  the  remedy  will  probably 
be  ineffective,  because  the  spores  germinate  in  the  manure. 

Destructive  treatment . — Cutting  out  should  be  practiced  intelli¬ 
gently  and  persistently,  and  farmers  should  co-operate.  The  smut 
should  be  cut  out  as  early  as  possible  as  soon  as  it  gives  the  first 
evidence  of  its  presence  by  the  swellings  it  produces  and  before  any 
of  the  spores  burst  through  the  epidermis.  Corn  is  probably  the 
only  crop  in  which  the  smut  becomes  evident  long  enough  b'efore 
maturity  to  make  treatment  effectual,  or  at  least  possible.  As  soon 
as  the  spores  begin  to  break  out  they  will  be  scattered  far  and  wide 
over  the  whole  field.  Any  ears  that  are  partly  smutted  and  are 
overlooked  till  the  husking  should  not  be  thrown  in  with  the  rest  of 
the  corn,  for  two  reasons:  They  will  scatter  their  spores,  and  if  in 
large  quantities  will  injure  the  cattle  eating  them.  If  any  smutty 
stalks  are  standing  when  the  corn  is  cut  they  should  not  be  cut  with 
the  rest,  but  kept  separate  and  destroyed.  Masses  of  smut  are 
greedily  swallowed  by  cattle  with  the  rest  of  the  corn,  and  are  liable 
to  produce  disease  and  death.  A  correspondent  of  the  Country  Gen¬ 
tleman,  September  12,  .1878,  reports  the  loss  of  several  head  of  cat¬ 
tle  and  sheep  from  this  cause.  Diseased  parts  cut  out  should  be 
completely  destroyed,  not  thrown  upon  the  ground  nor  into  a  ma- 
nure  or  compost  pile.  The  spores  may  germinate  and  grow  for  an 
indefinite  period,  as.  already  shown,  and  when  the  manure  is  applied 
to  the  field  they  will  be  ready  to  seize  upon  young  corn  and  pene- 
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trate  its  tissues.  One  writer  suggests  feeding  to  pigs;  but  this  should 
never  be  done,  for  if  the  smut  does  not  injure  the  pigs  the  spores 
will  pass  through  the  intestines  without  injury  to  themselves  and 
infect  the  manure. 

Farmers  will  urge  that  they  can  not  afford  the  time  or  money  neces¬ 
sary  to  cut  out  the  smut.  In  answer  to  this  objection  Professor  Bes- 
sey  makes  the  following  estimate:* 

A  40-acre  field  should  produce  at  least  $800  worth  of  corn.  There  is  rarely  less 
than  one  smutty  ear  to  one  square  rod.  This  amount  would  be  2  per  cent,  of  the 
crop  and  would  be  worth  $10.  Each  additional  smutty  ear  per  square  rod  destroys 
$16  worth  of  corn  in  the  field.  Will  it  not  pay  to  save  annually  a  loss  of  2  per  cent, 
and  upward,  and  occasionally  a  loss  of  15  to  25  per  cent.,  $120  to  $200,  for  a  field  of 
this  size? 

Selection  of  seed . — Much  may  be  gained  by  selecting  for  seed  the 
largest  and  most  perfectly  developed  grains.  Experiments  have 
shown  that  this  will  insure  a  larger  yield,  and  it  is  also  true  [  ? j  that 
corn  from  such  seed  is  less  liable  to  suffer  from  smut.  Weak  plants 
can  offer  less  resistance  to  the  attack  of  the  fungus,  as  a  weak  man 
can  less  effectively  resist  disease.  Thrifty  plants  can  better  with¬ 
stand  the  smut  if  it  gains  entrance,  and  are  more  likely  to  escape  its 
entrance,  because  they  more  quickly  pass  the  stage  at  which  the  smut 
is  known  to  enter  them. 

Application  of  remedies. — Any  outward  application  to  the  growing 
corn  would  be  useless  if  it  could  be  made,  because  the  fungus  is  en¬ 
tirely  within  the  tissues  of  the  host  until  after  the  damage  is  done. 

Various  applications  have  been  tried  to  destroy  spores  adhering  to 
grains.  They  have  been  made  for  this  purpose  to  wheat,  and 
there  is  no  apparent  reason  why  a  remedy  whould  not  be  as  effectual 
in  one  case  as  the  other.  It  seems  to  be  generally  agreed  that  lime 
water  is  not  effective.  A  weak  solution  (f  per  cent.)  of  sulphuric 
acid  is  recommended  for  corn  by  some  German  experimenters. 

Copper  sulphate  (blue  vitriol)  has  been  most  used  and  with  good 
results.  One  experimenter  with  copper  sulphate  for  Corn  smut  re¬ 
cords  that  no  perceptible  benefit  was  gained.  If  he  fertilized  the  field 
with  manure  in  any  way  infected  by  smut  spores,  which  is  not  un¬ 
likely,  it  would  be  a  sufficient  reason  to  explain  the  failure.  The 
method  of  application  which  prevails  in  Europe  differs  from  the 
American  method.  The  former  is  fully  described  by  Sorauer  in  his 
work  on  plant  diseases.  He  recommends  a  weak  solution  and  long 
soaking;  a  -Jper  cent,  solution  of  sulphate  of  copper  and  sixteen  hours 
soaking  he  considers  best.  The  solution  should  cover  the  corn  deeply 
enough  so  that  none  shall  be  exposed  when  the  latter  swells,  and  the 
mass  should  be  stirred  well  and  all  the  grains  that  float  skimmed  off. 

Sorauer  states  that  a  1  per  cent,  solution  kills  4  per  cent,  of  the 
seed  in  twelve  to  sixteen  hours.  After  soaking,  the  grain  is  spread  out 
on  a  flat  surface  to  dry,  and  it  should  be  sown  soon  afterwards.  It 
is  dry  enough  for  hand  sowing  in  a  few  hours  and  for  the  drill  in 
twenty-four  hours. 

The  practice  in  America  is  quite  different.  Strong  solutions  are 
used  and  the  grain  is  immersed  only  a  short  time.  The  following 
descriptions  of  the  process  as  applied  to  wheat  are  by  men  who  have 
had  practical  experience  and  know  how  to  make  the  treatment  ef¬ 
fective  : 

*  Pulletin  Iowa  Agricultural  College,  1884,  p.  129, 
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From  a  published  letter  by  Hon.  Horace  Davis,  member  of  Con¬ 
gress  from  San  Francisco,  and  the  largest  miller  on  the  Pacific  Slope : 

In  early  times  we  were  much  troubled  with  smutty  wheat,  but  have  little  now, 
owing  to  the  use  of  blue-stone  on  the  seed  by  the  farmers.  I  have  seen  fields 
where  part  of  the  seed  was  treated  with  blue-stone  and  part  not,  and  the  difference 
was  as  plain  as  between  a  field  of  barley  and  of  oats.  It  is  hard  to  give  any  exact 
rule  as  to  application  ;  the  most  practical  farmers  tell  pie  they  use  6  pounds  to  each 
ton  of  seed- wheat.  It  is  dissolved  in  water  enough  to  wet  this  quantity  of  wheat, 
and  the  wheat  is  put  into  bags,  say  50  to  60  pounds,  and  immersed  in  the  solution 
for  six  or  seven  minutes,  just  enough  to  wet  all  the  wheat.  Then  it  is  taken  out 
and  laid  on  sloping  boards  at  the  end  of  the  trough  to  drain.  The  solution  is  put 
into  a  trough  built  for  this  purpose,  something  like  a  horse-trough.  The  bags  are 
turned  over  frequently  in  this  solution  to  insure  the  .wetting  of  all  the  wheat. 
You  can  rely  upon  it  that  blue-stone  is  a  dead  shot  for  smut  in  California.  By 
blue-stone  I  mean  the  sulphate  of  copper. 

Extract  from  a  published  letter  on  this  subject  by  Prof.  E.  W. 
Hilgard,  University  of  California,  College  of  Agriculture: 

As  regards  the  blue-stoning  of  seed- wheat,  the  solution  used  is  as  strong  as  it  can 
be  made  at  the  ordinary  temperature.  Such  a  solution  contains  about  3  pounds  of 
blue-stone  to  5  quarts  of  water.  The  time  of  immersion  varies  sorfiewhat ;  the 
most  definite  description  given  is  that  a  half  sack  should  remain  in  the  saturated 
solution  at  least  three  minutes,  and  be  turned  about  several  times  in  the  interval  to 
make  sure  of  wetting  thoroughly.  When  a  weaker  solution  is  used  the  grain  may 
be  left  with  it  until  it  begins  to  sprout.  The  sacks  are  usually  left  unopened  until 
used  for  sowing.  There  is  no  drying  done  on  purpose,  unless  it  is  to  be  used  in  the 
seed-drill.  It  will  work  perfectly  with  the  centrifugal  sower  without  drying.  In 
general  I  would  be  in  favor  of  the  strong  solution  and  short  immersion.  The  work 
is  then  done  quicker,  and  if  the  grain  is  afterward  left  in  the  sack  for  some  hours 
the  application  is  sure  to  be  effectual.  Again,  the  strong  solution  is  more  certain 
to  render  the  grain  distasteful  to  birds  and  insect  enemies,  and  gives  a  margin  for 
killing  fungoid  germs  round  about  the  young  seedling.  There  seems  to  be  little 
danger  to  the  vitality  of  the  seed  from  the  blue-stone.  Of  course  the  blue-stone 
will  not  prevent  the  smut  germs  left  over  in  the  fields  from  previous  seasons  from 
attacking  the  developed  plant.  It  simply  kills  the  germs  in  [on]  the'  seed  that 
would  otherwise  develop  along  with  the  latter,  and  take  the  plant  in  its  early 
stages.  A  field  that  has  been  very  smutty  during  the  previous  season  will  be  apt 
to  show  some  on  the  grain  of  the  next  one  despite  blue-stoning,  but  persistence  in 
the  practice  will  be  sure  to  put  an  end  to  the  fungus  germs,  save  so  far  as  they  may 
be  furnished  by  kind  neighbors  above  the  wind. 

Prof.  M.  A.  Scovell,  director  of  tbe  Kentucky  Experiment  Sta¬ 
tion,  writes  as  follows  in  the  bulletin  of  the  station  of  September, 
1887,  p.  14: 

This  disease  (smut)  was  in  all  our  wheat  last  year,  consequently  our  seed-wheat 
contained  smut  grains.  To  prevent  its  recurrence  this  year  all  our  varieties  of 
wheat  were  treated  with  a  solution  of  blue  vitriol  (blue-stone)  before  sowing.  The 
method  of  applying  the  solution  of  blue  vitriol  was  as  follows  :  Ten  pounds  of  blue 
vitriol  were  dissolved  in  8  gallons  of  water,  and  the  solution  placed  in  a  tub.  The 
seed- wheat  was  put  into  the  solution  and  well  stirred,  care  being  taken  not  to  put 
enough  wheat  in  to  come  to  the  top  of  the  solution.  After  skimming  off  floating 
wheat  and  particles,  the  solution  was  poured  off  into  a  second  tub,  the  wheat 
drained,  and  spread  on  boards  to  dry.  The  solution  was  re-used  as  often  as  we  had 
wheat  to  treat  in  this  manner. 

This  treatment  proved  entirely  successful,  not  the  least  smut  appearing  in  any  of 
the  plots  where  the  seed  had  been  treated  in  this  way,  while  the  plot  planted  for 
comparison,  without  treating  the  seed  wheat,  contained  about  the  same  amount  of 
smut  as  last  year. 

It  was  thought  that  by  having  the  solution  cover  the  wheat  the  smut  grains 
would  float,  and  in  this  way  all  but  adhering  spores  would  be  removed,  and  these 
would  be  easily  killed  by  the  copper  sulphate  solution. 

All  other  preventive  measures  will  be  likely  to  be  of  little  avail  if 
tbe  manure  put  upon  tbe  land  is  contaminated  with  smut  spores 
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from  smutty  corn  fed  to  stock,  or  smutty  stalks  thrown  into  the 
manure  pile,  or  from  whatever  source.  * 

Bref eld’s  investigations,  described  under  germination,  show  how 
manure  may  spread  infection.  A  direct  demonstration  of  this  point 
by  Morini  is  quoted  by  Sorauer.  Bran  with  which  Corn  smut  spores 
were  mixed  was  fed  to  a  cow.  The  dung  in  which  the  spores  were 
found  germinating  was  put  upon  a  piece  of  land  with  corn  seed.  The 
resulting  growth  of  corn  was,  as  a  whole,  smutty.  Of  thirty  others 
dampened  with  gum  water  and  covered  with  ungerminated  spores 
only  four  plants  were  smutty.  This  shows  the  injury  that  may  come 
from  spores  germinating  in  manure.  It  does  not  prove  that  passing 
through  the  animal  makes  them  more  active.  In  Bref  eld's  experi¬ 
ments,  on  the  contrary,  nearly  all  spores  sown  in  a  nutritive  solu¬ 
tion  in  the  spring  germinated  within  twenty-four  hours.  It  shows 
that  every  precaution  f^iould  be  taken  to  keep  the  smut  away  from 
stock  and  out  of  manure  piles.  Burying  the  smut  deeply  suggests 
itself  as  a  convenient  and  efficient  means  of  disposing  of  it.  Burn¬ 
ing  is  effective,  but  care  must  be  taken  that  spores  shall  not  be  car¬ 
ried  away  and  scattered  by  currents  of  air  about  the  fire.  Rotation 
of  crops  should  be  practiced  for  evident  reasons. 

In  Europe  two  other  species  of  smut  occur  in  Corn  and  both  are 
most  prevalent  in  Italy.  Uslilago  Fischer  i7  Pass. ,  attacks  the  cob,  and 
in  Italy,  especially  about  Parma,  sometimes  destroys  half  the  crop. 

Uslilago  Reiliana  was  introduced  into  Italy  on  sorghum  from 
Egypt,  and  in  the  former  country  it  grows  also  on  corn,  attacking  the 
flowers  of  the  tassels. 

f 

15. — Corn  rust. 

Puccinia  Maydis,  Carr. 


(Plate  XVI.) 

(a)  HISTORY. 

Mention  of  the  Corn  Rust  is  conspicuously  absent  in  the  works 
of  leading  mycologists  in  the  early  part  of  this  century.  Probably 
it  was  not  common  in  Europe  at  that  time  and  it  may  have  been  con¬ 
founded  with  other  species. 

The  only  mention  of  it  in  those  early  years,  so  far  as  known,  was 
by  an  Italian  writer,  Carradori,f  whose  name  is  scarcely  known 
otherwise  to  mycologists.  He  described  it  in  1815  under  the  name 
Puccinia  maydis.  SchweinitzJ  (1834)  is  the  next  to  mention  it,  and 
the  first  to  record  it  as  American  und  er  the  name  of  Puccinia  sorghi. 
Later  several  European  botanists  gave  it  names,  each  one  supposing 
that  he  had  found  it  for  the  first  time.  It  causes  less  injury  than 

*  When  stable  or  barn-yard  manure  is  used  as  a  fertilizer  a  possible  prevention  of 
smut  might  be  found  in  band's  powder  (see  page  328). 

Immediately  previous  to  planting,  the  seed-corn  should  be  wet,  and  while  in  this 
condition  thoroughly  raked  over  in  the  powder :  or,  a  spoonful  of  the  powder 
should  be  dropped  along  with  the  seed  in  each  hill.  Avoid  handling  the  powder 
with  the  naked  hands.  — F.  L.  S. 

fGioru  di  Fisica,  etc.,  del  Brugnatelli,  1815,  Vol.  VIII.  See  Just.  Jahresbericht, 
1876,  p.  152. 

fSyn.  Fung.  Am.  Bor.,  p.295. 
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the  smut  and  consequently  lias  received  less  attention  from  practi¬ 
cal  men.  Its  life  history  has  not  been  especially  studied,  but  that  of 
several  related  species  have  been  studied  very  fully.  The  best  prac¬ 
tical  article  upon  it  in  English  is  that  by  Mr.  C.  H.  Peck  in  his' 
thirty-fourth  report. 

(b)  EXTERNAL  APPEARANCE. 

Corn  rust  is  very  similar  to  the  rust  of  wheat,  but  still  specifically 
distinct.  It  does  not  grow  upon  the  floral  organs,  but  so  far  as  ob¬ 
served  is  confined  to  the  foliage,  where  it  appears  as  small  pustules. 
After  the  middle  of  the  summer  the  pustules  begin  to  appear  on 
either  or  both  surfaces  of  the  leaves.  At  first  they  are  covered  by 
the  epidermis  and  are  whitish,  but  they  soon  swell  sufficiently  to 
break  the  latter,  whose  lacerated  edges  nifty  be  seen  standing  up 
around  them.  Thus  the  pustules  become  exposed,  and  at  the  same 
time  the  spores  which  they  contain  are  matured  and  ready  to  be 
disseminated.  The  pustules  (called  sori)  are  collections  of  spores. 
Thesori  are  roundish,  or  oftener  somewhat  elongated  in  form,  scat¬ 
tered  irregularly ;  but  sometimes  they  are  clustered,  and  then  they  tend 
to  be  arranged  in  lines  parallel  to  the  length  of  the  leaf. 

The  earlier  pustules,  if  examined  carefully,  will  be  found  of  a 
bright,  rich,  yellowish-brown  color;  the  later  ones  almost  black. 

(c)  THE  FUNGUS. 

This  difference  in  color  indicates  two  different  kinds  of  spores;  but 
they  are  frequently  found  intermingled  in  the  same  pustule,  and  are 
produced  from  the  same  vegetative  fungus  threads  (mycelium)  within 
the  leaf.  The  brown  spores  (uredospores),  which  are  the  earlier, 
correspond  to  the  so-called  red  rust  of  the  wheat.  A  section  through 
a  pustule  shows  that  each  spore  is  borne  on  a  slender  stalk,  from  which 
it  easily  falls.  The  shape  is  nearly  spherical  (Plate  XV 1 ,  Fig.  2),  and 
the  comparatively  thick  wall  or  coat  of  the  spore  is  covered  with 
minute  projections.  The  diameter  is  about  one  one-thousandth  of  an 
inch  or  a  trifle  more.  In  the  protoplasmic  contents  drops  of  oil  are 
sometimes  seen.  The  vitality  of  the  spores  is  of  short  duration. 

germinate  within  a  limited  time  if  at  all.  It  is  believed 
that  they  are  killed  by  becoming  dry,  and  that  they  do  not  survive 
the  winter.  The  black  pustules  (Plate  XV  I,  Fig.  1)  are  composed  of 
dark-colored  spores  (teleutospores)  having  a  very  different  struct¬ 
ure  and  function.  The  stalks  which  bear  them  are  stronger  and  do 
not  separate  from,  them.  Each  spore  is  broadly  elliptical  in  outline, 
with  both  ends  rounded,  or  with  the  apex  occasionally  thickened  and 
pointed  (Plate  XVI,  Fig.  3).  The  surface  is  smooth.  A  partition  is 
placed  across  the  middle  which  divides  the  interior  of  the  spore  into 
two  cavities.  At  germination  each  part  may  germinate  independ- 
ently,  so  that  this  may  be  called  a  double  spore.  At  the  partition  the 
spore  is  constricted  and  it  is  twice  as  long  as*broad;  some  are  a  half 
longer  and  broader  than  others,  and  the  largest  are  a  little  narrower 
than  the  diameter  of  the  uredospores.  They  measure  .0006  to  .0009 
inch  by  .0012,  to  ;0018  inch.  These  may  be  called  resting  spores,  be¬ 
cause  they  remain  dormant  through  the  winter  and  germinate  the 
next  season,  again  producing  the  rust  and  thus  perpetuating  its  ex¬ 
istence.  It  is  not  known  to  have  any  third  form  of  spores  (aecidium) 
sucii  as  the  common  wheat  rust  produces  upon  the  barberry. 
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(d)  SEVERITY. 

The  fungus  is  always  injurious  to  the  corn  on  which  it  grows,  hut 
the  extent  of  the  injury  depends  largely  on  the  age  and  condition  of 
the  corn  and  climatic  conditions,  and  is  often  so  slight  as  to  be  of 
no  practical  importance.  Certain  conditions  of  the  weather  may  re¬ 
tard  the  growth  of  the  corn  and  favor  that  of  the  rust.  Ordinarily 
the  rust  is  not  noticed  till  the  latter  part  of  the  summer,  when  the  corn 
is  well  grown  and  not  easily  injured;  but  in  the  first  week  of  July, 
1886,  the  writer  observed  it  repeatedly  on  the  lower  leaves  of  partly- 
grown  corn,  whose  vigor  was  plainly  impaired  by  it. 

The  injury  consists  (1)  in  loss  of  food  materials  elaborated  by  the 
plant  for  its  own  growth,  which  the  threads  (mycelium)  of  the  fun¬ 
gus,  ramifying  in  the  tissues  of  the  corn,  absorb  for  their  growth 
and  the  formation  of  spores;  (2)  in  destroying  the  power  of  some  of 
the  tissues  to  do  their  work,  and  of  the  chlorophyll  contained  in  them 
to  continue  the  elaboration  of  fresh  food  supplies  for  the  corn. 
When  coming  early  in  the  season  the  rust  is  likely  to  be  more  than 
usually  injurious  later  in  the  same  year,  and  to  continue  so  the  year 
following. 

Thus  far  the  experiments  made  in  combating  the  rusts  have  yielded 
no  positive  results. 

16. — Erinose. 

Phytoptus  vitis. 

(Plate  XVII.) 

(a)  GENERAL  OBSERVATIONS. 

The  name  Erinose  is  here  adopted  to  designate  a  special  disease  of 
the  leaves  of  the  grape-vine  caused  by  a  minute  acarid,  the  Phytop¬ 
tus  vitis.  Formerly  the  peculiar  effects  produced  by  this  Phytoptus , 
as  well  as  those  caused  by  other  species  which  infest  the  alder, 
maple,  beech,  etc.,  were  thought  to  be  fungi,  and  were  all  included 
by  the  older  mycologists  in  the  genus  Erineum.  In  the  case  of  the 
vine,  the  effect  produced  by  this  little  animal  parasite  bears  a  strong 
resemblance  to  the  external  appearance  of  the  downy  mildew,  and 
samples  have  been  sent  to  us  from  various  parts  of  the  country  under 
the  supposition  that  the  leaves  were  infested  with  the  Peronospora. 
As  it  is  very  important  to  be  able  to  distinguish  the  one,  which  is 
always  to  be  dreaded,  from  the  other  which  rarely  if  ever  does  any 
serious  injury,  the  peculiar  characters  of  Erinose  will  be  here  pointed 
out. 


(6)  EXTERNAL  APPEARANCE. 

Erinose  usually  appears  in  early  summer  in  the  form  of  raised, 
lustrous  white  spots  on  the  lower  surface  of  the  leaves.  The  color 
soon  becomes  yellow,  and  finally  a  dark  reddish-brown.  The  spots, 
usually  small  and  scattered  irregularly  over  the  surface  between  the 
nerves,  are  sometimes  of  considerable  size,  and  we  have  occasionally 
found  leaves  of  Vitis  azstivalis  with  their  lower  surfaces  entirely 
covered  by  Erinose.  There  is  no  evidence  of  the  disease  on  the 
upper  surface  of  the  affected  leaves  in  the  wild  or  cultivated  vines 
of  the  Eastern  and  Middle  States.  If  attacked  while  young  they 
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may  be  prevented  from  attaining  a  normal  size,  and  when  badly  in¬ 
fested  they  become  more  or  less  cnrled,  with  the  convex  side  upper¬ 
most.  On  the  upper  surface  of  leaves  of  Vitis  vinifera  and  its  varie¬ 
ties,  however,  the  disease  shows  not  in  any  discolorations,  but  oppo¬ 
site  the  spots  beneath  there  are  conspicuously  raised  areas  imparting 
to  the  surface  a  blistered  appearance.  This  results  from  a  greater 
growth  or  multiplication  of  cells  in  the  diseased  areas  than  in  the 
surrounding  unaffected  portions. 


(c)  MINUTE  CHARACTERS  (Fig.  1). 

If  the  lustrous  white,  or  later  yellowish,  spots  are  examined  with 
a  good  lens  or  magnifying  glass  they  will  appear  to  be  composed  of  a 
dense  growth  of  shining  hairs  (Fig.  1,  a,  a),  with  somewhat  enlarged 
tips,  and  this  is  their  true  character,  as  may  be  determined  by  a  mi¬ 
croscopical  examination.  There  is  no  longer  any  danger  of  mistak¬ 
ing  these  hair-like  growths  for  the  downy  mildew,  for  when  viewed 
under  the  microscope  there  is  not  even  the  slightest  resemblance  be¬ 
tween  them,  as  may  be  seen  by  comparing  Fig.  2,  Plate  XVII,  of  this 
report,  with  Fig.  10,  Plate  I,  m  the  annual  report  for  188G.  In  the  for¬ 
mer  figure,  which  illustrates  a  transverse  section  through  one  of  the 
spots  affected  with  Erinose,  the  microscopical  characters  of  the  dis¬ 
ease  are  illustrated  .  The  cells  composing  the  tissues  of  the  leaf  are 
seen  to  be  abnormal  in  their  development,  while  the  epidermal  cells  of 
the  lower  surface  are  elongated  into  hair-like  projections,  sometimes 
branched  above,  and  with  rounded  and  more  or  less  club-shaped  tips, 
lne  cause  of  this  abnormal  growth  is  the  Acarid,  two  specimens  of 
which  (h  i g.  2,b  b)  are  shown  in  the  figure  equally  magnified  with 
die  section.  To  the  naked  eye  they  are  barely  visible,  even  when 
pfaced  upon  a  surface  of  contrasting  color;  it  is  quite  impossible  to 
detect  them  on  the  spots  without  a  good  magnifying  glass.  These 
parasites  puncture  the  epidermal  cells  of  the  leaf,  from  the  irritating 

or  poisoning  effects  of  which  the  abnormal  growths  and  consequent 
spots  are  developed.  ^ 

Phytoptus  vitis  lives  mostly  in  the  larval  state,  the  condition  illus¬ 
trated  m  our  figure.  The  adult  stage  is  found  only  in  the  spring 
and  then  but  tor  a  brief  period.  When  it  comes  out  of  the  egg  it 
possesses  four  feet,  situated  upon  the  anterior  part  of  the  body  which 
is  composed  of  several  rings;  the  skin  is  striated  and  furnished  with 
tour  stiff  hairs  upon  each  side  of  the  body,  and  two  long  bristles  are 
tixed  m  the  posterior  extremity.  The  larvae  multiply  during  the 
wans+n0f  parthenogenetic  eggs  (Fig.  2,  a).  At  tlfe  ap- 
y  U  t°f  'v!llt(ir  tli0y  become  encysted  and  hibernate  under  the 
are  r,h™  Ads^  °!f  111  cr®vices  of  the  bark.  In  the  spring  the  cysts 
develnfhh  and  from  them  come  six-footed  larvae,  which  soon 
The  <,Tlf  °radc  ltl0lyl  fieet’  111118  passing  into  the  mature  stage. 

rise  t  tiff 16  yme<bat6ly  after  the  eggs  are  laid,  the  latter  giving 
rise  to  the  four-footed  larvae  above  described.*  '  °  g 

(d)  distribution,  effects,  and  treatment. 

loo^V:fdely  di?tribxted  throughout  the  country,  and  may  be 

Jersey  SstefPnt6  7?°  %  CultivatecL  ^  have  seen  it  in  Xew 
particular] v  irh-n-rirv.  umdia’  Texas,  and  California.  It  is  nowhere 
- - — - _ 2 _ is,  and  only  m  very  rare  cases  does  it  ever  make 

*P.  Viala,  “Leg  Maladies  de  la  Vigne,”  p.  451. 
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any  difference  in  the  quantity  or  quality  of  the  crop.  If,  however, 
it  attacks  very  young  leaves  it  may  he  harmful  and  some  treatment 
be  necessary.  Repeated  applications  of  sulphur,  made  when  the 
shoots  are  3  to  5  inches  long,  will  check  the  multplication  of  the 
Phytoptus.  W ashing  the  vines  after  they  are  pruned  in  early  spring 
with  boiling  water  will  destroy  the  eggs  and  larvse  concealed  within 
the  bud  scales  and  crevices  of  the  bark. 

F.  Lamson  Scribner. 

Hon.  Norman  J.  Colman,  Commissioner . 


EXPLANATION  OF  PLATES. 
Plate  I. 


STRAWBERRY-LEAF  BLIGHT  (SPHiERELLA  FRAGARUE). 

Fig.  a.  Diseased  leaf,  natural  size,  attacked  by  the  summer  stage  of  the  fungus. 
(G.  M.,  pinx.) 

Fig.  b.  Tuft  of  conidiophores  and  conidia  which  have  broken  through  the  upper 
epidermis.  (E.  A.  S. ,  del.) 

Fig.  c.  Conidia  more  highly  magnified ;  three  of  them  have  sent  out  germ  fila¬ 
ments.  (E.A.  S.,del.) 

Fig.  d.  Perithecium  bearing  conidiophores  around  the  ostiolum.  (E.  A.  S.,  del.) 

Fig.  e.  Section  of  perithecium,  showing  asci  within.  The  asci  are  borne  upon  a 
small  mass  of  parenchyma  at  their  base,  a  Ostiolum.  (E.  A.  S. ,  del.) 

Fig./.  Five  asci  containing  ascospores  ;  much  enlarged.  (E.  A.  S.,  del.) 

FiG.gr.  Ascospores.  (E.  A.  S.,  del.) 

Plate  II. 

APPLE  SCAB  (FUSICLADIUM  DENDRITICUM). 

Fig.  1.  Shows  the  scab  on  the  fruit. 

Fig.  2.  A  leaf  attacked  by  the  scab  fungus. 

Fig.  3.  A  section  through  a  portion  of  one  of  the  spots  on  the  fruit,  showing  the 
growth  of  the  fungus  ;  greatly  magnified. 

Fig.  4.  Spores  of  the  fungus,  greatly  magnified  ;  four  of  them  germinating. 

Plate  III. 

bitter-rot  of  apples  (gloeosporium  fructigenum  ?). — LEAF-RUST  OF  CHERRY 
(PUCCINIA  PRUNI-SPINOSJE). — BEET-RUST  (UROMYCES  BETiE). 

Fig.  1.  Section  through  piece  of  rotten  apple  showing  an  old  pycnidium  :  a,  thick 
epidermis  of  fruit ;  5,  fruit  perenchyma ;  c,  mycelium  in  tissues.  The 
hyphse  surrounding  the  pycnidium  are  composed  of  a  series  of  short  cells. 

Fig.  2.  Section  showing  pycnidium  and  hyphaa  after  the  formation  of  spores  has 
ceased  ;  a,  mycelium  in  fruit  tissues. 

Fig.  3.  A,  tuft  of  spore-bearing  liyphm ;  a,  spore.  B,  spores  much  enlarged ;  a, 
surface  view ;  b,  optical  section. 

Fig.  4.  Germinating  spores  twenty-four  hours  in  water  ;  showing  dark  bodies 
formed  on  the  germ  filaments. 

Fig.  5.  Germinating  spores  eight  hours  in  water. 

Fig.  6.  Uredospores  of  Puccinia  pruni-spinosce  on  peach. 

Fig.  7.  Same  on  plum:  a  and  b,  in  germination;  c,  c,  germ  pores. 

Fig.  8.  Paraphyses  found  abundantly  in  sori  of  Puccinia  pruni-spinosce. 

Flo.  9.  Teleutospores  of  same  on  plum:  a  a,  surface  view;  b  b,  optical  section. 

Fig.  10.  Section  through  portion  of  sorus  (uredo-stage)  of  Uromyces  betce  :  a  a. 

cells  of  leaf  tissue  entirely  surrounded  by  mycelium  ;  A  ruptured  epider¬ 
mis  ;  c,  spores  ;  d  d,  pedicels  from  which  the  spores  have  fallen.  The 
mycelium  masses  together  in  spots  beneath  the  epidermis  forming  a  stroma 
on  which  the  spores  are  borne. 

Fig.  11.  Uredospores  of  same:  a,  germ  pore. 
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Plate  IV. 

COTTON-LEAF  BLIGHT  (CERCOSPORA  GOSSYPINA). 

Fig.  1.  Diseased  leaves,  natural  size.  (R.  C.,  pinx.) 

Fig.  2.  Showing  a  tuft  of  dark-colored  fruiting  hyphee  rising  from  the  mycelium 
within  the  leaf  and  issuing  through  the  epidermis.  Above  are  shown  the 
long,  colorless,  septate  spores.  (E.  A.  S..  del.) 

Plate  V. 

ANTHRACNOSE  OF  RASPBERRY  (GLCEOSPORIUM  VENETUM). 

Fig.  1.  Branch,  natural  size,  showing  appearance  of  disease  upon  the  cane  and  leaves, 
and  its  effect' on  the  berries.  The  upper  portion  of  the  cane  is  quite 
dead,  and  the  diseased  spots  extend  down  on  the  green  portion,  along 
the  branch  and  stalk  that  bears  the  berries,  and  over  the  petiole  and  mid¬ 
ribs  of  the  leaf  and  leaflets.  The  berries  remain  unripened,  owing  to  the 
effects  of  the  disease.  (R.  C.,  pinx.) 

Fig.  2.  Section  through  a  diseased  spot  on  the  cane,  showing  destruction  of  the 
outer  layers  of  tissue,  and  the  spores  (a)  borne  on  the  surface  and  center 
of  the  spot.  (F.  L.  S'. ,  del.) 

Fig.  3.  Spores,  showing  two  in  process  of  germination.  (F.  L.  S.,  del.) 

Plate  VI. 

ANTHRACNOSE  OF  THE  BEAN  (GLCEOSPORIUM  LINDEMUTHIANUM). 

Fig.1.  Diseased  pods,  natural  size.  (R.  C.,  pinx.) 

Fig.  2.  Section  through  a  diseased  pod.  The  section  is  taken  between  two  beans, 
consequently  shows  none  in  the  cavity.  The  diseased  portions  (a)  are 
dark  colored  ;  b,  exocarp  ;  c,  endocarp.  (E.  A.  S.,  del.) 

Fig.  3.  Another  section  through  a  diseased  pod,  showing  an  advanced  stage  of 
the  disease  and  a  diseased  bean  ( b )  inside  the  pod  ;  a,  diseased  spot,  one 
entire  side  of  the  pod  is  diseased  and  shrunken ;  c,  small  diseased  spots 
where  the  fungus  has  not  penetrated  through  the  exocar]).  (E.  A.  S. ,  del.) 

Fig. 4.  Section  through  a  fruiting  pustule:  a,  ruptured  epidermis;  b,  mycelium; 
c,  conidiophores  ;  d,  brown  hyphae;  e,  spores.  (E.  A.  S.,  del.) 

Fig.  5.  Spores,  highly  magnified.  (E.  A.  S.,  del.) 

Plate  VII. 

CATALPA-LEAF  SPOT  DISEASE. 

Fig.  1.  Section  through  leaf  at  the  union  of  a  diseased  spot  with  the  healthy  tis¬ 
sue:  a,  healthy  tissue;  b,  diseased  spot,  in  which  the  cell  outlines  have 
^  almost  entirely  disappeared. 

Fig.  2.  Tuft  of  Macrosporium  catalpce  emerging  from  a  stoma ;  a  a,  spore-bear- 
mg  TfPhae;  b  b,  spores  ;  c,  very  young  spore. 

r  icl  •>.  Germinating  spores  of  Macrosporium. 
ig.4.  Pycnidium,  or  fruiting  body  of  Phyllosticta  catalpce.  The  pycnidium  is 
paitially  sunken  in  the  tissues  of  the  diseased  leaf,  and  the  spores  are 
K  o  olne  on  father  long  basidia  which  line  the  inside  ok  the  conceptacle. 

Tm.o.  Spores,  more  highly  magnified. 

ig.  0.  Spores,  germinating  after  forty-two  hours  in  water. 


JC  .LiAXJK  V  JL  Li.. 


BLACK  SPOT  ON  ROSE  LEAVES  (ACTINONEMA  ROSiE). 

Km  o  ^is1eased1  leaf>  natural  size.  (R.  C. ,  pinx.) 

aigec  .P^101^ °f  leaf  edge  of  spot,  showing  the  apparently  superficii 


Fig.  3. 


T^,  g~. - -  i-iuitmg  pusruies.  (,jx.  u.,,pmx. 

Branching  strand  of  superficial  mycelium.  (E.  A.  S.,  del.) 
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Plate  IX. 

♦ 

BLACK  SPOT  ON  ROSE  LEAVES  (ACTINONEMA  ROSA3) — ROSE  PHRAGMIDIUM  (PHRAG- 

MIDIUM  SPECIOSUM). 

Fig.  1.  Section  through  healthy  rose  leaf:  a,  cuticle  of  upper  surface;  b,  upper 
epidermal  cells;  c,  two  rows  of  palisade  cells;  d.  loose  parenchyma;  e, 
lower  epidermis;  /,  cuticle  of  lower  surface.  Ail  except  the  epidermal 
cells  are  partly  filled  with  chlorophyll  bodies.  (E.  A.  S.,  del.) 

Fig.  2.  Section  through  rose  leaf  attacked  by  Aetinonema,  showing  an  early  stage 
of  the  disease.  The  upper  epidermal  cells  are  partly  filled  with  a  dark, 
homogeneous  mass,  consisting  of  the  transformed  cell  contents;  the  chlo¬ 
rophyll  bodies  in  the  upper  row  of  palisade  cells  are  disorganized,  and  the 
process  of  disorganization  has  begun  in  the  lower  row;  a  shows  the  hyphse 
between  the  cuticle  and  the  epidermis;  b ,  cuticle  that  has  been  ruptured 
by  the  formation  of  spores  beneath;  c,  spores  borne  on  an  indistinct  mass 
of  mycelium;  d,  the  mycelium  can  be  seen  in  the  cells  of  the  upper  epi¬ 
dermis,  and  evidently  pushes  into  or  between  the  palisade  cells,  although 
it  can  not  be  distinguished  below  the  epidermis.  (E.  A.  S.,  del.) 

Fig.  3.  Very  advanced  stage  of  the  same.  The  disorganization  of  cell  contents  has 
progressed  through  the  leaf,  and  the  cells  are  shrunken  so  as  to  show  the 
mycelium  between  them.  Most  of  the  spores  have  escaped  from  the  fruit¬ 
ing  pustule.  (E.  A.  S.,  del.) 

Fig.  4.  Spores  of  same,  much  enlarged.  (E.  A.  S.,  del.) 

Fig.  5.  Teleutospore  of  Phragmidium  mucronatum,  showing  long  stalk  thickened 
towards  the  base.  (F.  L.  S.,  del.) 

Fig.  6.  Fragment  of  rose  stem  affected  by  Phragmidium  speciosum.  (R.  C.,  del.) 

Fig.  7.  Teleutospores  of  P.  speciosum.  (F.  L,  S.,  del.) 

Fig.  8.  Same,  more  enlarged  and  without  pedicel.  (F.  L.  S.,  del.) 

Plate  X. 

ROSE  RUST  (PHRAGMIDIUM  MUCRONATUM). 

• 

Fig.  1.  Branch  of  Rosa  hlanda,  natural  size,  showing  appearance  of  the  disease  in 
the  AScidio-stage  on  the  stem  and  leaves;  at  cl  the  branch  lias  been  bent 
from  {he  effects  of  the  fungus.  (R.  C.,  pinx.) 

Fig.  2.  Leaf  attacked  by  Uredo  and  Phragmidio-stages;  the  latter  is  represented  by 
the  darker  spots.  (R.  C.,  pinx.) 

Fig.  3.  MCcidio-stage.  Section  through  diseased  spot  occurring  on  a  vein;  the  spores 
are  borne  in  chains  over  the  back  of  the  vein,  and  a  few  paraphyses  (a  a) 
may  be  seen  at  the  circumference  of  the  spot.  (F.  L.  S.,  del.) 

Fig.  4.  Uredo-stage.  Cluster  of  spores  and  paraphyses.  (F.  L.  S. ,  del.") 

Fig.  5.  A3cidiospores.  (F.  L.  S.,  del.) 

Fig.  6.  Uredospores,  separated  from  their  pedicels.  (F.  L.  S.,  del.) 

Fig.  7.  Teleutospores. 

Plate  XI. 

POWDERY  MILDEW  OF  GOOSEBERRY  (SPHiEROTHECA  MORS-UVJE). 

Fig.  1.  Mycelium  with  conidiophores  and  conidia  in  rows,  as  found  on  the  surface 
of  the  leaf:  a,  conidiophore;  b,  conidi um.  Two  conidia  are  represented 
as  having  become  detached. 

Fig.  2.  Three  of  the  so-called  “  pycnidia  ”  of  the  fungus.  Two  are  represented  as 
discharging  their  spores.  (After  Tulasne.) 

Fig.  3.  The  male  (a)  and  female  (b)  cell  united  for  the  production  of  the  perithecium. 

Fig.  4.  A  young  perithecium. 

Fig.  5.  A  perithecium  nearly  full  grown,  showing  appendages. 

Fig.  6.  Ripe  perithecium  broken  open  and  the  spore  sac  (ascus)  coming  out. 

Fig.  7.  An  ascus,  showing  the  eight  spores. 

Plate  XII. 

SMUT  OF  INDIAN  CORN  (USTILAGO  ZEA-MAIZE). 

Fig.  From  photograph,  illustrating  the  appearance  of  the  disease  in  the  ear  (a)  and 
on  the  stalk  (b). 
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Plate  XIII. 


Fig.  1. 

Fig.  2. 
Fig.  3. 


SAME  (AFTER  TULASNE).  ILLUSTRATING  THE  EFFECTS  OF  THE  DISEASE 
natural' size.1/’  ^  1?  represent  the  objeota  magnified  about  460  times;  all  others 

x  oitionoi  a  smutty  ear  of  white  corn;  at  the  base  are  some  sound  and  rir>e 
grains  (g);  above,  the  female  flowers  remain  sterile  (s),  and  the  bracts 
merely  cover  the  abortive  ovaries;  the  bodies  (c  c)  are  bracts  made  numer¬ 
ous  by  the  influence  of  the  Ustilago,  which  is  there  developed 
x  oimg  ovary  inclosed  by  bracts  and,  like  them,  swollen  by  the  presence  of 
the  endophyte;  the  style  is  strongly  bent  down  on  the  inner  sfde 
Vertical  sectmn  of  these  organs;  the  wall  of  the  ovary  is  very  thick  on  the 
ontei  side  and  tlim  on  the  inner;  a  rudiment  of  the  ovule"  is  situated  ■-> t 
lire  base;  the  black  spots  in  the  thickness  of  the  bracts  and  the  m  V 

the6  SlnodiCate  thG  “lon  at  pointe  of^the  Hack^powtfer  of 

“f  iT^n^°?S-CUt  VertiCally’ in  T.hich’  besides  the  rudiment  of  the 
united  beloT^  wWcb  * 

“r°USly  enIarged  b'Y  th0  COnthlUed  (,e- 
Transverse  section  of  this  bract,  in  which  the  presence  of  the  endonhvte  is 
of dthe  organ.7'11  ^  Part’  although  occllPies  uniformly  all  the  tissues 
Another  smutty  bract. 

Transverse  section  of  the  same. 

Another  of  different  form. 

Horizontal  section  of  9. 

Two  smutty  bracts  partly  united. 

Transverse  section  of  Fig.  11. 

Another,  more  monstrous  than  the  preceding. 

lonzontal  section  of  13  (sketch  incomplete).  The  husks  acauiro  nr  dor 
tne  influence  of  the  Ustilago ,  a  much  greater  development  than  Hip 
ovaries,  which  sometimes  fail  almost  completely  1  ^  1  the 

°f  the  n}\lcilagin°us  material  of  the  Ustilago .  in  which  are  im- 
mersed  innumerable  spores  not  yet  mature.  ° 

.  fragment  in  which  the  spores  are  less  developed  than  in  the  rtre- 

:eamg ;  on  one  side  of  this  figure  are  shown  filaments  such  ps  are  alum 
dant  in  the  cavities  occupied  by  the  endophyte.  e  abmi’ 

Dry  spores.  *  J 

Plate  XIV. 


Fig.  4. 

Fig.  5. 
Fig.  6. 


Fig*.  7. 
Fig.  8. 
Fig.  9. 
Fig.  10. 
Fig.  11. 
Fig.  12. 
Fig.  13. 
Fig.  14. 


Fig.  15. 
Fig.  16. 

Fig.  17. 


Fig. 

Fig. 

Fig. 


T? 


'IG.  4 


Fig. 

Fig. 

Fig. 

Fig. 


SAME,  ILLUSTRATING  THE  MYCELIUM,  ETC. 

LC)?rg’  erainded  tbreads  beginning  to  ramify,  running  through  a  nitb  rrll 
Ibgted*!?  iS  StU1 10  b6  —So  Je  “ 

Am^nv  lelffdeA  tYtf  1  °°Tere1d  Tith  a  celluIose  sheath  and  passing  through 
SFlut  shdtt  shows  through,  at  b  is  seen  the  section  of 

at  the  bottom  of  the°ov^r.th,ead'  °Ut  leasthwi3e  througii  the  rachis 

ThseePn  the°eontfft?.  «  “ : ,?  conspicuous  Piece  of  thread;  in  the  thread  is 

a™ hoatiol  of Toiff  °!ne,  d.istinctly  ^ble  in  the  cellulose  sheath  bv  the 
r  „ ovary  wall.  P  and  Iodlne'  Shown  Cached  from  a  cell  of  the 

wltl7many*shootsS  andVnf -FT TT  “  IT  spore  forE!pg  threads), 

cut  lengthwise  *  J  ~g  alncd  contents.  Parenchyma  of  ovary  wall 

l  ^inous^pora^fass!1110118  5  ^  contents  is  distinctly  seen .  From  a  gela- 

^the  cells!111  Ovary^iff  Iengthwfsm  °leagmous  contents  running  between 

fwmation^f  tlnuiimier  part  rp1”0^  bfaling  up  of  the  contents  for  spore 
course  between  *  * 
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Fig.  9.  More  transparent  spores  forming  in  the  interior  of  the  gelatinous  thread. 

Fig.  10.  The  same ;  however,  a  great  number  of  the  transparent  spores  are  seen 
lying  in  a  row,  lengthwise  in  the  stem.  The  latter  appear  more  trans¬ 
parent. 

Fig.  11.  A  spore  become  brownish,  surrounded  by  the  gelatinous  membrane  of  the 
thread.  From  the  ovary  wall. 

Fig.  12.  a,  promycelium  with  a  projection;  twenty-four  hours;  b,  spore  germina¬ 
tion  later  with  a  straight  promycelium ;  forty-eight  hours ;  c,  the  same 
with  the  promycelium  bent  in  a  knee  form;  d,  formation  of  a  lateral 
sporidium  (after  twenty-four  hours).  Highly  magnified. 

Fig.  13.  An  affected  ovary  cut  lengthwise ;  the  masses  of  ripe  spores  appear  as 
black  spots  or  stripes. 


Plate  XV. 


SAME,  GERMINATION  OF  SPORES  IN  'WATER  AND  NUTRITIVE  SOLUTIONS. 

(Figs.  30-35,  after  Brefeld.) 

Fig.  1.*  Germination  of  spores  in  water  and  bearing  conidia. 

Fig.  2.  Older  germinating  spores.  The  conidia  have  fallen,  some  cells  of  the  con- 
idiophores  have  become  empty,  others  have  developed  into  filaments. 

Fig.  3.  Germination  of  spores  in  a  nutritive  solution,  showing  the  more  strongly 
developed  conidiophores  producing  conidia  from  every  ceil ;  the  conidia 
have  also  sprouted  and  bear  other  conidia. 

Fig.  4.  Development  of  a  spore  cultivated  singly  in  a  drop  of  nutritive  fluid:  a, 
the  germinal  tube  formed;  b,  same,  more  fully  developed  and  divided 
into  cells  by  cross  partitions;  c1,  c2,  b,  fallen  pieces  ;  c1  and  c2  have  pro¬ 
duced  conidia,  d  d,  which,  fallen  from  c2,  develop  other  conidia  or  yeast¬ 
like  forms  by  continuing  budding. 

Fig.  5.  Conidia  forming  filaments  in  an  exhausted  nutritive  solution:  a,  thread 
full  of  protoplasm  ;  b,  filament  partly  emptied  of  protoplasm ;  c,  conidia 
germinating  while  still  attached  together. 

Fig.  6.  A  conidium  which  in  germinating  has  protruded  into  air  and  apparently 
formed  aerial  conidia. 

Fig.  7.  Conidia  which  did  not  germinate  to  form  filaments  and  in  which  oil  glob¬ 
ules  have  appeared  ;  resembling  spore  formation. 

Plate  XYI. 


INDIAN  CORN  RUST  (PUCCINI A  MAYDIS). 


Fig.  1.  Transverse  section  of  com  leaf  through  a  cluster  of  teleutospores,  showing 
also  the  ruptured  epidermis  and  mycelial  filaments  among  the  leaf  cells. 
Fig.  2.  Uredospores,  three  viewed  in  optical  sections  showing  germ  pores  and  thick¬ 
ness  of  wall;  a  fourth  showing  surface  view. 

Fig.  3.  Teleutospores. 


Plate  XYII. 


erlnose. 

Fig.  1.  Lower  surface  of  leaf  attacked  by  Erinose.  (After  Cor  da.) 

Fig.  2.  Cross-section  of  grape  leaf  through  one  of  the  galls  of  Phytoptus  vilis, 
showing  the  hairs  (a)  formed  from  prolonged  epidermal  cells,  two  of  the 
animals  (b  b),  and  one  of  the  partlienogenetic  eggs  (c).  (E.  A.  S.,  del.) 
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STRAWBERRY  LEAF  BLIGHT 
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Report  of  the  Section  of  Vegetable  Pathology,  U.S.  Dept,  olericulture  1887. 


Pusicladinm  dentriticum. 


Report  of  Section  of  Vegetable  Pathology,  U.  S.  Dept,  of  Agriculture,  1887 


Plate  III 


Bitter-rot  of  Apples. 


LEAF-RUST  OF  CHERRY.  BEET-RUST, 
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Plate  IV 


2. 


R.  COWING. 


COTTON  -  LEAF  BLIGHT 

( Cereospora  qossypina,  Cke ) 


THE  HATCH  L1THO  CO  H  T 
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Plate  Y 


THE  HATCH  LITHO  CO  N 


R  COWiNG 


ANTHRACNOSE  OF  THE  BEAN 
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Plate  VI! 


tt  \  S.  Jet. 


Leaf-spot  Disease  of  Catalpa. 


Plate  YIH. 


•  THE  HATCH  UTH  o  CO  N  Y 

BLACK  SPOT  OF  THE  ROSE 
(  Actmonema  rosae.] 
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Black-spot  of  Rose  and  Rose  Phragmidium 
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THE  HATCH  LITHO.  CO  N  Y 


ROSE 

Phra  q  m  i  d i u  m 


FLU  S  T, 

mucronatuml 


Powdery  Mildew  of  the  Gooseberry, 
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Smut  of  Indian  Corn  (Ustilago  Ze/e-mays'. 

From  photograph. 
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Report  of  Section 


Smut  of  Indian  Corn.  (After  Tulasne.) 
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Smut  of  Indian  Corn— Mycelium  and  Spore-formation. 
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Plate  XV, 


Smut  of  Indian  Corn-Germination  of  Spores  in  Water  and 

(After  Brefeld.) 


Nutritive  Solutions 


Indian  Corn  Rust 
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